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Nonspecific Spondylitis of Infants and Children’ 


ROBERT C. JAMISON, M.D., ERNEST M. HEIMLICH, M.D., JOHN C. MIETHKE, M.D., 
and BERNARD J. O'LOUGHLIN, M.D. 


TIS OUR PURPOSE to present 6 cases of 
| ‘sc timited spondylitis of infants and 
children. All were characterized by fail- 
ure to identify a specific infectious agent, 
2 mild clinical course, positive roentgen 
findings, and recovery without antibiotics. 
The radiographic findings were indistin- 
guishable from those of pyogenic osteo- 
myelitis of the spine. 

In 1950 Saenger reported 4 cases of 


spondylarthritis in children, with systemic 
signs of infection but negative diagnostic 
tests for a specific infective agent (16). 
The radiographic changes, consisting in 
narrowing of an intervertebral disk space 


aid mild destructive lesions in the 
contiguous surfaces of the involved verte- 
bral bodies, were progressive for one to 
two months and then regressed over 
another two to eight months, with only 
partial restoration of a normal picture. 
Saenger pointed out that Smith had re- 
ported a group of similar cases in 1933 in 
adults. Reference was also made to a 
paper by Ghormley e¢ al. in 1940 (7), in 
which an analogous syndrome was de- 
wribed under the title “Acute Infectious 
Lesions of the Intervertebral Disks,” but 
again most of the patients were adults. 

Dupont and Andersen (5), in 1956, 
ported 4 cases of what they called 
lonspecifie spondylitis in childhood,” 
mth an age range from twenty-one 


months to nine years. The illness pursued 
a subacute course and manifested the 
same radiographic changes and time se- 
quence as Saenger’s cases. Dupont and 
Andersen also emphasized the four clinical 
syndromes which spondylitis may assume. 
The first and most usual is back pain with 
spinal muscle spasm; the second is the 
hip joint or hip-leg syndrome with limi- 
tation of weight-bearing due to pain in the 
hip or leg plus flexion contracture of the 
thigh; the third is the abdomen-chest 
syndrome; the fourth is the meningeal, 
with stiff neck and positive Kernig or 
Brudzinski tests. The cases of Dupont 
and Andersen also yielded no proof of a 
specific etiology. 

The 6 cases which we have encountered 
in the past five years will be briefly re- 
viewed and compared with those reported 
by Saenger and Dupont and Andersen. 
The accompanying tables include a fourth 
series reported by Bremner and Neligan 
in the British Medical Journal under the 
title “‘Benign Form of Acute Osteitis of the 
Spine in Young Children” (1). 

Some of the features of the previously 
mentioned groups of cases are compared 
with our series, from the University of 
California at Los Angeles, in Table I. 
As seen here, the sex incidence was equal 
in all series. This is in contrast to pyo- 
genic osteomyelitis of the spine which has 


wan the University of California Medical Center, Los Angeles, Calif. Presented at the Forty-sixth Annual 
‘leeting of the Radiological Society of North America, Cincinnati, Ohio, Dec. 4-9, 1960. 
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R. C. Jamison, E. M. HEIMLICcH, 


J. C. B. J. O’Loucuim September 


TABLE I: NONSPECIFIC SPONDYLITIS OF INFANCY AND CHILDHOOD 


Dupont & Authors’ 


Bremner & 
Saenger Neligan Andersen Ties 
(UCLA) 
No. of cases 4 7 4 6 
Sex 2M, 2F not given* 2M, 2F 3M, 3F 
Age 2 -14 yr. 9 mo.-2 1/2 yr. 21 mo.-8 1/2 yr. 7 mo.-13 
Syndrome 
Back 1 1 1 1 
Hip-leg 2 4 1 3 
Abdomen-chest 0 1 ] 2 
Meningeal 1 1 1 0 
Trauma 3 1 1 2 
Maximum follow-up 6-38 mo. 4-16 mo. 2-48 mo. 346 mo 
Duration symptons first visit 5 days-5 mo. 3 days-1 mo. 2 wk.-1 mo. 1 day-2 me 


* Of 4 cases described, 2M, 2F. 


TABLE II: 


NONSPECIFIC SPONDYLITIS OF INFANCY AND CHILDHOOD 


Elevated Positive 
Series Fever Leukocytosis Sedimentation Tuberculin 
Rate Skin Test 
Saenger 2 of 4 2 of 4 2 of 4 none 
Bremner & 
Neligan 6 of 7 not given not given none 
Dupont & 
Andersen 3 of 4 2 of 4 3 of 4 2 of 4 
(BCG 
vaccinated) 
UCLA 2 of 6 1 of 6 4 of 6 none 


a higher incidence in the male (21). 
The age spread was increased in the 
current series, with 2 infants of seven 
months. The initial symptom complex 
varied among the four major syndromes; 
only 3 of the 14 cases reported by 
Saenger, Dupont and Andersen, and the 
authors of this paper clearly presented 
with back pain. The hip-leg syndrome 
was the most common, occurring in 6 of 
the 14 patients. 

Trauma was mentioned in the history of 
6 patients of the three groups. It is often 
noted as preceding various disorders of 
childhood and infancy and may only mirror 
the fact that infants and children live 
dangerously. Two of the 6 patients in the 
present series gave such a history. In 1, 
the trauma occurred only three days before 
entry, obviously after the onset of the 
spondylitis as judged from the status of 
the radiographic changes at the time of 
the first visit. In the other, the trauma 
had taken place two months before the 
first examination and one month prior to 
the onset of symptoms, a more reason- 


able sequence for a potential relationship. 

The duration of symptoms or observed 
signs prior to the first examination tended 
to lie between the usually protracted period 
of many months characteristic of tuber- 
culous spondylitis and the few days of the 
explosive form of acute pyogenic spondy- 
litis. However, among the 14 patients 
there were 2 with a moderately prolonged 
onset of five and two months, respectively. 
Several had brief periods of symptoms— 
one or two days—but without the high 
fever and prostration characteristic of 
classical acute hematogenous spondylitis. 

Table II points up the lack of signs of 
systemic infection in roughly half of the 4 
patients. Tuberculin skin tests were unt 
formly negative except in the 2 children 
previously vaccinated with BCG. Not 
tabulated are the negative febrile aggl- 
tinin tests in all cases and various other 
skin tests, including those for histoplas 
mosis, coccidioidosis, and blastomycosis, 
performed in many patients and always 
negative. Neither are the mucopolysac 
charide and antistreptolysin O titers listed. 
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Blood cultures were negative in all of our 
cases and in 1 patient (M. M.), a culture 
of material obtained at open biopsy of the 
spinal lesion also proved negative. 

In 2 of Saenger’s cases blood cultures 
were reported, both negative. Only 1 of 
Dupont and Andersen’s group had a blood 
ailture, from which Staphylococcus albus 
was grown. In 1 other case of these 
latter authors an elevated Staphylococcus 
antitoxin titer was reported during the 
course of the illness. This was their only 
case with an associated paravertebral 
abscess. Bremner and Neligan made no 
such comment concerning blood cultures. 

Positive radiographic findings were pres- 
ent on initial examination in all of the cur- 
rently reported series, as well as in all of the 
cases of the previously recorded groups. 
The initial finding was a decrease in height 
of an intervertebral disk space. If a 
paravertebral soft-tissue abscess was pres- 
ent (2 of the UCLA and 1 of Dupont and 
Andersen's cases), it was recognized on 
initialexamination. Progression to vague- 
ness of definition of the opposing vertebral 
body margins and subsequent irregularity 
of the same regions was the rule. The ap- 
pearance of dense bone next occurred, and, 
much later, the disk space appeared to be 
increased in height, although it never re- 
turned to its original dimension. : 

Table III indicates, after exclusion of 2 
cases with an unusually long onset, relative 
agreement between the four reported series, 
as to the average time sequence of events. 
Time from onset to first visit, to positive 
radiographic findings, and to diagnosis is 
essentially the same, since radiographic 
changes were present at the first visit 
and since diagnosis was dependent on these 
findings. This time averaged two and one 
half to three weeks. The period from onset 
of symptoms to cessation of all symptoms 
or clinical recovery is of necessity not 
clearly delineated in all cases because of 
the use of immobilization devices, blunting 
or obscuring the end-point of the illness. 
This period, however, ranged from nine to 
thirteen weeks among the four groups. 
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NONSPECIFIC SPONDYLITIS OF INFANCY 
TIME SEQUENCF OF EVENTS 


TABLE III: 
AND CHILDHOOD: 


Average Time from Onset of Signs or 
Symptoms to: 


Disk ymp- 
Space to- Disk 
Narrow- Scler- matic Space 
ing osis relief ‘‘Widening’’ 
(wk.)  (wk.) (wk.) (mo.) 
Saenger 3 14 9 7 1/2 
Bremner & 
Neligan 21/2 10 13 not given 
Dupont & 
Andersen 3 9 
UCLA series 3 4 9 41/2 


These values are in marked contrast to 
tuberculous spondylitis but agree with 
reports of pyogenic spondylitis. 

There was a tendency for the irregularity 
of the opposing vertebral margins to be- 
come worse even though the given infant 
or child had become asymptomatic, yield- 
ing the impression that the radiographic 
changes progressed while clinically the dis- 


TABLE IV: NONSPECIFIC SPONDYLITIS OF INFANCY 


AND CHILDHOOD: TREATMENT 
Anti- Immobil- 
No. of 
biotics ization 
Series Cases Used Used 
Saenger 4 2 4 
Bremner & Neligan 1 
Dupont & Andersen 4 3 
UCLA Series 6 0 1 


ease regressed. It may well be that the 
progressive irregularity seen is actually a 
manifestation of healing. The apparent 
widening of the disk space seen some 
months later may be a sign of remodeling of 
the “‘skirts’’ of the affected vertebral bodies 
by bone growth, thus exposing some of the 
intervertebral disk previously sunk into the 
softened vertebral bodies. 

Table IV lists the treatment employed 
in the four series. 


CASE REPORTS 


Case I: M. M., a white male two and a half 
years old, had an eighteen-hour history of abdominal 
discomfort. Three days earlier he had fallen in the 
prone position from a swing. The abdomen was 
distended and tympanitic. Bowel sounds were 
normal. Chest and abdominal roentgenograms were 
erroneously interpreted as normal except for dis- 
tended loops of small and large bowel. The blood 
count, urinalysis, and temperature were normal 
A rectal tube was inserted, and the child was dis- 
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Fig. 1. Case I. M. M., male, age two and a half. Note paravertebral abscess in the earliest view (10-12-55) 
Disk space narrowing may be present but is certainly not striking. 
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Fig.2. Casell. B.S., female, age two and a half years. Aand B. Initial changes, Dec. 4, 1957, one month from 


onset. 


charged, asymptomatic, two days later, with a 
diagnosis of gastroenteritis. 
Two weeks later he was readmitted because of 


imitability, anorexia, intermittent crying out, and 


frequent passing of flatus. The findings were 
the same as on the initial admission. A supine 
film of the abdomen, an upper gastrointestinal 
series, and a barium-enema examination were all 
etroneously interpreted as normal.. The blood 
count was normal except for a white cell count of 
3,700 (normal differential). The tuberculin skin test, 
febrile agglutinin tests, and liver function tests 
were all normal or negative. Improvement oc- 
curred with bed rest, and the patient was discharged 
on the third hospital day. The diagnosis was 
again gastroenteritis. 

On readmission two weeks later the prior symp- 
toms and findings had recurred. In addition, 
there was now refusal to bear weight on the left 
leg or to sleep on the stomach. Passive motion of 
the back elicited pain. An intravenous urogram 
resulted in observation of a narrowing of the D11- 
Di2 disk space, irregularity of the opposing verte- 
bral margins, and paraspinal soft-tissue density. 
Skin tests for tuberculosis, coccidioidosis, histoplas- 
mosis, and blastomycosis were negative. The 
sedimentation rate was 31 mm.inanhour. A needle 
‘spiration of the affected interspace was done and 
‘ammation, including cultures of the spinal fluid, 
was negative. Open biopsy revealed only non- 
pecific inflammatory tissue. All cultures of this 
material were negative. 

Six weeks after onset of the disease, the radio- 
sraphic findings were clear-cut. There were slight 


C. Film obtained Jan. 2, 1958. 


gibbus, marked anterior loss of disk space, and 
beginning sclerosis of the irregular opposing verte- 
bral body margins. The patient was entirely 
asymptomatic at this time. Additional roentgen 
studies three months after onset of disease indicated 
a slight widening of the disk space. Films about two 
years after onset showed the interspace to be per- 
manently narrowed, with mild irregularity of the 
opposing vertebral margins. 


Comment: ‘This child had three hospital 
admissions and many diagnostic tests. 
There was no fever or other sign of systemic 
infection. No antibiotics were used. 
Changes were present on the initial roent- 
genograms that might have suggested the 
diagnosis but were not detected. The only 
treatment was the bed rest incidental to the 
diagnostic studies. Some restoration or 
repair took place at the involved level in 
the spine, but residual disk space narrowing 
and vertebral “‘plate’’ irregularity were 
present almost four years later. The 
symptoms permanently disappeared six 
weeks after onset. 

Case II: B. S., a white female, two and a half 
years old, was admitted to the service of Dr. H. O. 
Mosier. For one month she had experienced ini- 
tially ill defined abdominal discomfort and anorexia. 


At the time of admission the lumbar curve was 
seen to be. straightened, and the child walked with 
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Fig. 3. Case III. 
weeks from onset). 


the knees bent. Two months prior to the onset 
she had fallen on her back. Films of the spine 
made just prior to referral indicated narrowing of 
the D11-D12 interspace and irregular sclerotic 
opposing vertebral body margins. Fever was not 
documented prior to entry or during the period of 
study. 

The patient was reluctant to move about and 
preferred to lie still on her back, which was held 
straight in the sitting or standing posture. When 
she stood, the knees were slightly flexed. There was 
no point tenderness over the spine. The urinalysis 


V. J., female, age seven and a half months. Sy 
Films A and B obtained Sept. 22, 1959; Cand D, Dec. 4, 1959; E and F, Feb. 5, 1960. 


Changes are late in course (five and a half 


and complete blood count were normal. The 
corrected Westergren sedimentation rate was % 


mm. in an hour. Venereal disease and febrile 
agglutinin tests were negative, as was the ante 
streptolysin O titer. The seromucoid was 48 mg. 
per cent. Skin tests for tuberculosis, histoplas- 
mosis, and coccidioidosis were negative and $ 
blood cultures at two-hour intervals showed a 
growth. Roentgenograms of the spine about two 
months from onset were not discernibly different 
from those obtained one month previously. a 
child was placed in a bivalved body cast for sevell 
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NONSPECIFIC SPONDYLITIS OF INFANTS AND CHILDREN 


Fig. 4. Case IV. 


J. A., seven-month-old male. 
approximately four months from onset. 


months and it was not possible to evaluate the 
time of symptomatic recovery. She was without 


question symptom-free when the cast was removed, 


at which time the sedimentation rate was normal. 


Comment: This was the second case 
encountered and again the diagnostic tests 
were numerous. No antibiotics were em- 
ployed. 

Case III: V. J., a white female seven and a 
half months old, was seen with a five-week history 
of irritability, nocturnal restlessness, apparent 
discomfort in the sitting or prone position, and no 
documented fever. She was unwilling to stand 
with support and held the right thigh in partial 
flexion. There was straightening of the back. 
Roentgenograms showed a narrowed L3-L4 disk 
space anteriorly and striking irregularity and in- 
creased density (sclerosis) of the respective opposing 
vertebral margins. Urinalysis, a blood count, 
and the sedimentation rate were normal. Skin 
tests for tuberculosis, histoplasmosis, and coccidioi- 
dosis were negative, as were febrile antigen tests. 

The child was still irritable when roentgenograms 
Were made twelve days after the initial examination 
and again about seven weeks after onset of the 
disease. At this time there were some widening of 
the interspace and increased sclerosis and there 
appeared to be beginning smoothing of the ragged 
vertebral plates. The patient was completely 
‘symptomatic twelve weeks after onset, when films 
indicated further widening of the interspace and, 
possibly, added sclerosis. Treatment was entirely 


The changes are well advanced and include sclerosis (C), 
Films obtained Sept. 25, 1959 (A); Oct. 1, 1959 (B); Dec. 28, 1959 (C). 


expectant, on an outpatient basis, and consisted 
mainly of diminished handling. 


Comment: This was our third case. 
Management was conservative; there was 
no recorded fever; no antibiotics were 
used. 


Case IV: J. A., a seven-month-old white male, 
was seen after three weeks of irritability, progressing 
to decreased activity, dislike of being handled, and 
refusal to sit or stand with support. There was a 
daily rise of temperature to 104° F. for the four 
days prior to entry, but the child was afebrile at 
the first examination and remained so thereafter. 
There was full range of passive motion of all the 
extremities and no apparent elicitation of pain on 
passive flexion of the spine. Spinal roentgeno- 
grams showed L5-S1 interspace narrowing with 
irregularity of the opposing vertebral margins 
and increased opacity of the adjacent margin of the 
first sacral centrum. The initial white blood count 
was 19,380, with no shift, but 7 per cent eosinophils. 
The sedimentation rate was 34 mm. in an hour. 
Spinal fluid examination, the usual skin and agglu- 
tination tests, and the antistreptolysin O titer were 
all negative. A repeat white blood count one week 
after entry was 5,850, with 8 per cent eosinophils; 
the sedimentation rate was normal. At this time the 
baby was more active, would sit without crying 
but still refused to stand with support. Recheck 
films of the spine revealed only slight additional 
irregularity of the vertebral plates. The child 
was discharged for outpatient follow-up. Spinal 
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Fig. 5. Case V. R S., female fifteen months old. Initial films, A and B, Oct. 2, 1959; two months from onset 
C and D, Nov. 23, 1959; E and F at last examination, May 17, 1960, clearly show disk space widening. 


roentgenograms obtained about four months after 
the onset indicated some smoothing of the ragged 
vertebral margins and additional sclerosis. Symp- 
toms were now completely absent. 

Comment: Management in this case was 
again conservative, with antibiotics. 


Case V: R. S., a fifteen-month-old white female, 
was admitted to the service of Dr. H. Grossman, 
with an illness which apparently began with fever, 


upper respiratory symptoms, and diarrhea two 
months earlier. The diarrhea and upper respita 
tory symptoms were brief in duration, but the fever, 
up to 103° F., had persisted off and on for the 
two months. The child cried out at times 
though in pain, exhibited buckling of the left leg on 
attempted walking, and eventually refused even t0 
sit up. She was febrile on entry, and physi 
examination revealed only decreased cg 
movement of the left leg. There was full range ° 
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Fig. 6. Case VI. D. H., 13-year-old male. 
interspaces and three vertebral bodies. 


passive motion of both legs and no apparent spinal 
tendemess. The white blood count was normal but 
the sedimentation rate was 37 mm. in an hour 
(corrected Wintrobe). Urinalysis was also normal 
except for a trace of albumin. The usual skin tests 
and febrile agglutination tests were negative, as 
was the antistreptolysin O titer. The seromucoid 
was 6.3 mg. per cent. 

The initial films of the lumbar spine indicated 
narrowing of the L3-L4 interspace, with barely 
detectable unsharpness of the posterior portions of 
the opposing vertebral margins. No sclerosis was 
present. In five days the child was much more 
active and was discharged. Recheck films made 
four months after onset and eight weeks after hospi- 
tal entry indicated progression of the changes, 
demonstrating marked irregularity of the opposing 
vertebral margins and sclerosis. Films nine months 
after onset showed widening of the interspace, 
smoothing of the vertebral margins, and additional 
erotic change. The child became asymptomatic 
shortly after her discharge from the hospital. 


Comment: Treatment was conservative 
and no antibiotics were used. 


Case VI (courtesy of Dr. R. B. Portis): D. H., 
a thirteen-year-old white male, had for five days 
sfered mid backache on first getting out of bed, 
weurrng if he engaged in running, jumping, 
ot bending. An earache of brief duration had 
cecurred three weeks prior to onset of the backache. 
There Was acute tenderness over D11 and pain in 
that region was elicited by thigh flexion. Roent- 


Note paravertebral soft-tissue abscess and involvement of two 
A and B, obtained Oct. 29, 1959; C, Nov. 16, 1959. 


genograms of the spine (courtesy of Dr. L. G. Rig- 
ler) demonstrated marked narrowing of the D10-D11 
interspace with sclerotic irregular opposing vertebral 
margins. In addition, lesser similar changes were 
evident at the D11-D12 interspace. Furthermore, 
an increased density of the paravertebral soft 
tissues embracing these areas was present. The 
patient was apparently afebrile. The day after 
the first examination he complained of pain in the 
region of the left hip and there was tenderness to 
deep palpation over the femoral head. This per- 
sisted as the chief complaint for two and a half 
weeks, gradually decreasing. 

Brucellin, coccidioidin, and tuberculin skin tests 
were all negative. The patient was asymptomatic, 
except for minimal discomfort in the left hip after 
running, when the next recheck films were made a 
little under three weeks from the onset of the disease. 
These indicated no change except minimal increase 
in the sclerosis. Films two and a half months 
after onset appeared the same as those obtained at the 
prior examination. 


Comment: Treatment consisted in re- 
duced activity. No antibiotics were used. 


DISCUSSION 


Spondylitis or vertebral inflammation is, 
by popular usage, roughly divisible into two 


categories: (a) rheumatoid spondylitis, 
(b) specific infectious spondylitis. The 
latter may be further divided (a) into 
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tuberculous and nontuberculous infections 
of the spine or, alternatively, (5) into 
hematogenous vertebral osteomyelitis, in- 
clusive of both tuberculous and nontuber- 
culous spondylitis, and spondylitis due to 
direct inoculation (iatrogenic). 

Spinal location of osteomyelitis, what- 
ever the etiologic agent, is not common. 
Among 2,000 patients referred for obscure 
back pain, Ghormley (6) found 38 with 
tuberculous spondylitis and 5 with non- 
tuberculous spondylitis. Winters and 
Cahen (24) recently reported 66 cases of 
acute hematogenous osteomyelitis accumu- 
lated in three and one-third years. In 
only 1 was the location vertebral. Morse 
and Pryles (12) noted spinal involvement 
in only 1 of 67 cases of bone and joint infec- 
tion in patients under thirteen years of 
age, collected in a fourteen-year period. 
Wiley and Trueta (23), also in a fourteen- 
year period, found 19 cases of vertebral 
osteomyelitis among 202 instances of osteo- 
myelitis. Harris (8) reported 45 examples 
of acute osteomyelitis, collected during 
seven years, in 2 of which there was verte- 
bral involvement. Clarke (3) recorded 24 
cases of osteomyelitis in the neonatal 
period, in 3 of which the vertebrae were 
involved. 

From an etiologic standpoint it would 
appear that spondylitis due to the tubercle 
bacillus must still be more common than 
that due to all other organisms (18). Re- 
ports indicate that the Staphylococcus was 
and continues to be the commonest cause 
of nontuberculous spondylitis. It is said 
that this organism causes about 80 per cent 
of pyogenic vertebral osteomyelitis (13). 
In areas where brucellosis remains endemic, 
spondylitis due to one of this family of 
organisms is relatively frequent. Zammit 
(25) reported 62 cases of vertebral involve- 
ment seen over a seven-year period on the 
island of Malta. It is interesting to note 
that, whereas the age incidence of bru- 
cellosis during this period on Malta was 
relatively even by decades, the peak in- 
cidence of spondylitis was in the fourth 
through the sixth decades. These 62 in- 
stances of spondylitis occurred against a 


backdrop of 6,000 reported cases of bru. J graph 
cellosis. inter\ 

At this point it might be well to €Xamine fe alter 
briefly the basis for assigning a specific the t 
infectious etiology to bone infection in gen. [out t 
eral and vertebral infection in particyla progr 
As a rule, osteomyelitis of the long bones 
provides more frequent access to pus for fe these 
culture either because of soft-tissue flucty. | etiolo 
ations, surgical intervention, or associated [pigs 
joint spread, permitting needle aspira- fg ‘cold 
tion. Thus, more or less direct prooi [third 
from cultures of the exudate at the site oj | culou 
infection is obtained in the case of long.  pleur 
bone involvement. On the other hand & Thes 
vertebral infection often has a specific heali 
etiology assigned by inference. In the sion’ 
case of that due to tuberculosis, a positive J 3 cas 
skin test, present or past proved tuber.  healit 
culosis of the lung, urinary tract, or other Gh 
soft-tissue part, or a so-called cold abscess 140, 
in the costovertebral angle or groin may § inlec 
provide the background for the inference. disks 
In the case of tuberculosis, slow progression ‘indi 
of the changes over many months, with § disk 
relatively marked destructive change even- § destr 
tuating in severe deformity, is taken a J} {aces 


confirmatory evidence. In nontuberculous 
spondylitis, a positive blood culture, recent 
presence of known or inferred pyogenic in- 
fection such as otitis, pharyngitis, or furun- 
culosis, previous or current urinary tract 


etiol< 
recet 
the 


infection, recent laminectomy or spina J that 
puncture, or recent systemic infection such J ‘ur 
as typhoid fever or brucellosis may pave § PY% 
the way for an inferential linkage between J “egr 
the discovered changes in the spine and the J} brue 
prior infection or surgical procedure § oftu 
More rapid progression of the change: with 
observed radiographically tends to suggest scler 
a nontuberculous or pyogenic etiology. 4 § “ve 
reluctance to risk spread of infection to the J %t 
spinal subarachnoid space by scalpel of T 
needle technics for diagnostic purposes ‘Pou 
hibits the development of bacteriologe 
proof ordinarily obtained in bone infectio pe 
elsewhere. 

In 1931, Doub and Badgley (4) reported J mte 
3 cases of what they called tuberculosis 0! pe 
the intervertebral articulations. Theypr? om 


posed this term because the chief radio 
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aphic feature was a narrowing of the 
intervertebral disk space with but slight 
alteration in the continguous surfaces of 
the two vertebral bodies. They pointed 
ot that the roentgen changes did not 
progress to the severe destruction usually 
yen in tuberculous spondylitis. Two of 
these cases were assigned a tuberculous 
etiology on the basis of death of guinea- 
gs inoculated with pus from silent or 
“egld” costovertebral abscesses. The 
third patient was believed to have a tuber- 
culous spondylitis because of a history of 
pleurisy with effusion one year before. 
These authors mentioned that, although 
healing tended to occur without progres- 
sion to severe destruction, in none of the 
3 cases was dense bone laid down in the 
healing or late follow-up phase. 

Ghormley, Bickel, and Dickson (7), in 
1940, reported what they called “‘acute 
infectious lesions of the intervertebral 
disks” in 20 patients. In all, the principal 
finding was narrowing of the intervertebral 
disk space, with minimal evidence of bone 
destruction affecting the contiguous sur- 
faces of the concerned vertebral bodies. 
Thirteen patients were sufficiently ill to be 
confined to bed. Apparently no specific 
etiology could be proved although 12 had a 
recent antecedent infection elsewhere in 
the body. Ghormley et al. pointed out 
that the radiographic changes pursued a 
course in no wise different from the various 
pyogenic forms of spondylitis of milder 
degree, those produced by typhoid and 
brucellosis organisms, and the milder forms 
of tuberculous spondylitis alluded to above, 
with the exception that in their cases 
sderosis of the affected vertebral margins 
developed in the healing stage, in contrast 
to tuberculous spondylitis. 

This tendency to separate out the type of 
spondylitis marked by disk space narrow- 
ng and minimal bone changes continues 
with a recent report by Scherbel and 
Gardner (17) on infections involving the 
tervertebral disks. They had 10 patients 
with back pain and radiographically 
‘emonstrable disk space narrowing, fol- 
lowed by irregular destruction of con- 
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tiguous portions of the vertebral bodies, 
and, finally, by varying degrees of sclerosis 
of the adjacent vertebral margins, some 
with late fusion. In 5 cases, the changes 
followed shortly after diagnostic or thera- 
peutic procedures in relation to the spine, 
and in 5 they were related by the authors 
to preceding urinary tract infections. 
Vigorous diagnostic effort led to proof of 
infection either by aspiration or curette- 
ment of the intervertebral disk in 7 of the 
10 cases with positive culture in each of 
these. Kelly, Martin, Schirger, and Weed 
(10), in analyzing 36 cases of brucellosis 
of the bones and joints, found that 17 
involved the spine, but of these 17, only 3 
yielded positive cultures, the remainder 
being ‘‘proved” by increased agglutination 
titers (1:800 or higher). It should be 
noted that the radiographic changes were 
the same as those cited above. 

In considering the background into which 
the present series of cases must be fitted, 
certain trends are of interest. Strepto- 
coccal osteomyelitis of infancy and child- 
hood was once common (12, 24, 8, 3). 
Neonatal osteomyelitis may present few 
systemic signs of infection (3). It is 
interesting that in Clarke’s series the local 
signs were so subdued that the 3 cases of 
vertebral involvement were discovered only 
after large retroperitoneal abscesses formed 
and the mandibular cases were recognized 
only after the sinuses drained into the 
mouth. Janeway (9) attributed the differ- 
ences between neonatal and adult infectious 
manifestations to a lack of specific hyper- 
sensitiveness to a first infection. In read- 
ing case reports of osteomyelitis in infancy 
and early childhood it is not uncommon to 
find that fever is entirely absent and the 
diagnosis is delayed. Thus there is a 
small group of cases in which antibiotics 
were not employed, apparently without 
any dire consequences. 

In this light, it would seem that the 6 
cases reported here, as well as those of 
Saenger, Bremner and Neligan, and Du- 
pont and Andersen, probably represent a 
new entity from an etiologic standpoint. 
They may possibly, however, be instances 
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of pyogenic spondylitis of milder form 
and course. Certainly, the radiographic 
changes and the time sequence were little 
different from those of proved pyogenic 
spondylitis. 

Differential diagnosis would not seem 
difficult once either disk space narrowing 
or the presence of a soft-tissue abscess is 
recognized. It is largely one of separating 
out three possibilities: (a) tuberculous 
spondylitis, (b) pyogenic spondylitis, and 
(c) nonspecific spondylitis. In the first 
instance, the usual experience is to have a 
history of a prior tuberculous infection; 
persistent signs and symptoms of spinal 
involvement on examination, without 
initial detection of radiographic changes; 
a positive tuberculin skin test. Later there 
is advanced destructive change in the 
affected vertebrae without evidence of 
reactive new bone or sclerosis. Pyogenic 
spondylitis, on the other hand, is likely to 
be preceded by pyogenic infection else- 
where or by spinal surgery, lumbar punc- 
ture, aortography, or other form of para- 
vertebral injection; it tends to be accom- 
panied by systemic signs of infection; and 
it often has positive radiographic findings 
at initial examination. Evolution of the 
changes is rapid as compared with tuber- 
culous spondylitis and destruction is seldom 
as severe as with tuberculous infection. 
Nonspecific spondylitis becomes the diag- 
nosis of choice when reasonable efforts 
to assign a specific etiology fail. Unduly 
prolonged or traumatic diagnostic pro- 
cedures seem unwarranted in view of the 
favorable prognosis with conservative man- 
agement. 

Two other conditions that may be 
mentioned seem to offer little in the way 
of differential difficulty. Localized 
Scheuermann’s disease affecting but one 
or two vertebral bodies may produce bone- 
destructive change but not disk space 
narrowing (2). Rheumatoid spondylitis 
granuloma (22) and eosinophilic granuloma 
may cause considerable destruction in the 
affected vertebral bodies but do not narrow 
the disk space. Changes elsewhere in 
the spine should lead to proper evaluation. 
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SUMMARY 


We have presented 6 cases of g selj. vertebt 
imited benign form of spondylitis, “hes 
radiographic changes consist of par. 
vertebral swelling, initial disk space ny. 
rowing, followed shortly by destructiye 
change at the opposing vertebral margin, 
and, finally, evidence of the arrest of the Je 
process with the appearance of reparatiy, eM 
new bone. Late follow-up usually ind. 1 
cates persistent narrowing of the affectei 
disk space although some partial restitution 2 
may occur. 
The patients in this group all recovered = 
spontaneously without the employment 
antibiotic therapy. The average time from it. 
onset of symptoms to detection of radio. 1'Bon 
graphic changes was three weeks, and from 15. 
onset to subsidence of symptoms, nine neal 
weeks. This agrees well with two pre. 16. 
viously reported similar series. Thes 
cases all occurred in children and involved 
the sexes equally. 
It is not clear at this time whether thes 
cases represent a new etiologic group or 
are merely variants of infectious spor- Es 
dylitis. bent 
Note: Since this paper was submitted for publi Le § 
cation, two additional series have been published tum 
with similar findings: mith 
1. Doyte, J. R.: Narrowing of the Interverte- alter 
bral Dise Space in Children, Presumably an Iniec- gine 
tious Lesion of the Disc. J. Bone & Joint Surg del : 
42-A: 1191-1200, October 1960. d 
2. A. E., AND TucKER, F.R.: Spondy!- 
arthritis in Infants and Children. J. Canad. A fj obse 
Radiologist 12: 47-51, June 1961. men 
University of California Medical Center spat 
Los Angeles 24, Calif. pote 
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Es presentate 6 casos de un forma 
benigne e auto-limitante de spondylitis. 
Le alterationes radiographic consiste de 
tumescentia paravertebral con restriction 
initial del discos, sequite prestemente per 
alterationes destructive al opponite mar- 
gines vertebral, e—finalmente—evidentia 
del arresto del processo con le apparition 
de nove reparatori. Subsequente 
observationes de controlo indica usual- 
mente un persistente restriction del afficite 
spatio discal, ben que un restitution partial 
pote occurrer. 

Le patientes in iste serie variava in etates 
inter septe menses e dece-tres annos e 
esseva equalmente dividite inter masculos e 
femininas. Omnes restabliva spon- 
taneemente sin le uso de therapia anti- 
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SUMMARIO IN INTERLINGUA 
Spondylitis Non-Specific in Infantes e Juveniles 


biotic. Le duration medie ab le declara- 
tion de symptomas usque al detection del 
alterationes radiographic esseva tres septi- 
manas e ab le declaration usque al subsi- 
dentia del symptomas novem septimanas. 
11 non es clar a iste tempore si iste casos 
representa un nove gruppo etiologic o es 
solmente variantes de spondylitis intec- 
tiose. Le desiro de evitar le risco de un 
dissemination del infection ad le spatio 
subarachnoide spinal per le uso de scalpello 
o agulia pro objectivos diagnostic inhibi 
le disveloppamento de provas bacteriologic 
del genere ordinarimente obtenite quando 
un infection occurre in altere partes del 
systema ossee. Spondylitis tuberculotic 


e pyogenic es le major conditiones a 
differentiar. 
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Osteitis Deformans (Paget's Disease of Bone) 


A Morphologic Study Utilizing Microradiography and Conventional Technics! 


PATRICK J. KELLY, M.D., LOWELL F. A. PETERSON, M.D., DAVID C. DAHLIN, Mp 
and GEORGE E. PLUM, M.D. 


HE roentgenologist and the ortho- 
pedist are so familiar with the radio- 
logic picture of osteitis deformans that 
in most cases the diagnosis is made easily 
from the film. The purpose of this com- 
munication is to review the microscopic 


aspects have been described by Schmo 
(10), Knaggs (7), and Jaffe (5). The 
classic morphologic appearance is that 
‘in which tiny fragments of lamellar bone 
are fitted into one another like g very 
irregular mosaic with little tendeney jo; 


Fig. 1. a. Sclerotic or fully developed osteitis deformans of the distal half of the femur. 
Porotic osteitis deformans of the proximal tibia. 


features of the disease and to correlate 
the conventional histologic and micro- 
radiographic appearances. The few micro- 
radiographic studies that have been re- 
ported (2, 11) have concerned only fully 
developed Paget’s disease. 

Since the original description (1, 8, 
12, 13) of osteitis deformans, its histologic 


the bone fragments to be arranged about 
vessels to form haversian systems” (5). 


MATERIALS AND METHOD OF STUDY 


Fourteen specimens (5 humeri, 6 tibiae 
1 femur, 1 skull, and 1 iliac crest) wert 
available for study. Five specimens (+ 
humeri and the femur) were removed from 


! From the Section of Orthopedic Surgery (P. J. K.; L. F. A. P.), the Section of Surgical Pathology (D. a 
and the Section of Radiology (G. E. P.), Mayo Clinic and Mayo Foundation, Rochester, Minn. Accepte 
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OsTEITIS DEFORMANS (PaGET’s DISEASE OF BONE) 


Fig. 2. Fully developed osteitis deformans. a. 
vascular connective tissue. 
pattern is not as apparent asin Fig. 2, b. (Hematoxylin 

6. Cement lines are demonstrated better in this 


heavier, and the counterstaining with eosin is much lighter ( X 100). 


amputated limbs in which malignant 
changes had occurred. In 2 cases speci- 
mens of adequate size were obtained at 
necropsy and the remaining 7 were re- 
moved at operation for some complication 
of osteitis deformans or to rule out ma- 
lignaney. 

Blocks of bone 1 X 2 cm. were removed 
irom the specimen with a coping saw, and 
sections were cut from these on a milling 
machine for microradiography. These sec- 
tions were 150 micra thick and were fur- 
ther ground by the method of Frost (3) 
toa thickness of 75 micra or less. Two 
specimens were embedded in methyl 
methacrylate so that they could be ground 
oa thickness of less than 50 micra. Spec- 
mens that were to be submitted to micro- 
radiography were stored in absolute alcohol 
0 prevent decalcification. 

‘The larger block was marked so that 
ater decalcification in formic acid the pre- 
pared histologic specimens could be sec- 
toned in such a way that they would be 


Osteoblasts and osteoclasts are prominent along the edges of the bone. 


Thickened beams of bone with large spaces filled with 
Mosaic 
andeosin. X 100.) 

section than in a. The staining with hematoxylin is 
Section is from same block as a. 
separated from the parts examined by 
microradiography only by the thickness 
of the saw cut. After decalcification the 
large block was embedded in paraffin, sec- 
tioned, and stained with hematoxylin and 
eosin. Polarized light was used to study 
unstained sections; in addition, the sections 
examined by microradiography were de- 
calcified and then studied under polarized 
light. The technics were identical with 
methods we have reported previously (6). 


CLASSIFICATION OF MORPHOLOGIC FINDINGS 


For convenience we have classified the 
morphologic findings into three types. 

The first is sclerotic-appearing Paget’s 
disease, called by Jaffe ‘“‘fully developed 
osteitis deformans.”’ The roentgenologist 
recognizes this as the most common type 
(Fig. 1, a). 

The second is early or porotic osteitis 
deformans, usually recognized radiolog- 
ically as an early form of the disease (10). 
Jaffe referred to the new osseous trabeculae 
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Fig. 3. 
of fully developed osteitis deformans in cortical bone of 


Microradiographs. a. Typical appearance 
humerus. Patches of bone with higher mineral ( whiter) 
content lie next to areas of less mineral content (grayer). 
Normal haversian architecture has been lost (15 kv: 
15 ma; 20 min.; X 100). 

6. An occasional haversian system may be seen in 
fully developed osteitis deformans. Arrow indicates 
haversian system (15 kv; 15 ma; 20 min.; X90). 

c. Normal cortical bone (15 kv; 15 ma; 20 min.; 
X80). 


of this type as connective-tissue bone 
(Fig. 1, d). 

The third form we prefer to call ‘‘pre- 
sarcomatous osteitis deformans.’”’ In our 
study we have seen this appear in a transi- 
tional area between fully developed osteitis 
deformans and complicating sarcoma. 


P. J. Keviy, L. F. A. Peterson, D. C. Dauuin, G. E. 


September 1%) 


FULLY DEVELOPED OSTEITIS DEFORMANS 


Conventional Histologic Sections: Thick- 
ened beams of bone were present in con- 
ventional histologic sections from patients 
with fully developed osteitis deformans, 
but were not arranged in an orderly pattern. 
Numerous osteoblasts and osteoclasts were 
seen along the surface of the trabeculae. 
Between the latter was a loose connective: 
tissue network with foci of marrow fat cells 
in some areas. Vascular sinusoids were 
sometimes marked. The prominence oi 
the mosaic pattern in the individual beams 
varied with the staining technic. Stain- 
ing heavily with hematoxylin and lightly 
with eosin made the cement lines more 
discernible and the mosaic more apparent 
(Fig. 2). 


Microradiographs: The  microradio- 
graphs demonstrated the loss of normal 
architecture in cortical bone affected by 
osteitis deformans. Those reproduced in 
Figure 3, a and 4, are of sections of the 
typical osteitis deformans illustrated in 
Figure 2. In the beams of bone are 
patches of bone of differing mineral com 
tent, lying adjacent to each other. By 
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comparing Figure 3, a and b, with Figure 
3, ¢, one can observe how disturbed the 
structure of the cortical bone was. Only 
an occasional complete haversian system 
can be made out (Fig. 3, 5). 

Study of cortical bone at the margin of 
an involved region of compact tissue re- 
vealed a slight but definite alteration 
in its normal microscopic anatomy. Re- 
sorption cavities have begun to form 
among individual normal-appearing 
haversian canals (Fig. 4, a and 0.) The 
section stained with hematoxylin and 
eosin (Fig. 4, c) is contiguous to the one 
in Figure4,b. Figure 4, and should be 
compared with the microradiograph of 
normal cortical bone reproduced in Figure 


9 


6. 


Polarized Light: Studies of normal cor- 
tical bone under polarized light have shown 
that the birefringent collagen bundles are 
circumferentially arranged in a normal 
haversian system (Fig. 5, a). In fully 
developed osteitis deformans the normal 
circumferential arrangement was replaced 
by a patchwork pattern of segments, 
although again an occasional properly 
oriented haversian system could be de- 
tected (Fig. 5, ). 


POROTIC OSTEITIS DEFORMANS 


Conventional Histologic Sections: In 
‘onventional histologic sections from por- 


Early changes in cortical bone at zone of 
transition from normal cortical bone to early Paget’s 


Fig. 4. a. 


Haversian canals are enlarging and forming 
(Microradiograph: 10 kv; 14 


disease. 
into absorption spaces. 
ma.; 15 min.; X25.) 

6. Changes in this section of cortical bone are a 
little more advanced than those in a. (Microradio- 
graph: 15kv;15ma;15min.; X27.) 

c. Same area as demonstrated in 6, being separated 
from it only by the thickness of the milling cut. (Hema- 
toxylin and eosin. X27.) 


otic osteitis deformans slender trabeculae 
or beams of bone were seen with abundant 
numbers of osteoblasts along the borders. 
No mosaic pattern was apparent, regardless 
of the technic of staining. Vascular si- 
nuses were large and abundant. Marrow 
fat cells were numerous in foci (Fig. 6, a). 
Microradiographs: The slender tra- 
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Fig. 5. Collagen bundles viewed under polarized light. a. Collagen bundles oriented in normal cortical 
bone. (X100.) 

b. The collagen bundles appear normal here, but instead of forming a circumferential pattern they are ar- 
ranged in a patchwork of segments. (X 100.) 


Fig. 6. Porotic osteitis deformans. a. Slender trabeculae are evident. The intertrabecular tissue is 4 vasclr 
lar connective tissue. (Hematoxylin and eosin. 110.) = mit; 
b. Microradiograph. The trabeculae when viewed individually are evenly mineralized (10 kv; 15 ma; ‘ 


110). 
c. Polarized-light view. Collagen bundles are arranged longitudinally. Their appearance 1s the same as 


in a trabecula of normal cancellous bone. ( X 140.) 
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OsTEITIS DEFORMANS (PAGET'S DISEASE OF BONE) 


pectlae of bone appeared rather evenly 
mineralized on the microradiographs, par- 
ticularly when areas where trabeculae 
were not overlapping were selected for 
study. None of the patchy difference in 
mineral content was apparent (Fig. 6, 5). 

Polarized Light: Since the specimens 


were basically trabecular bone rather than 
highly organized cortical bone, it was not 


surprising to see, with polarized light, that 
the collagen bundles (Fig. 6, c) were lon- 
situdinally oriented in each trabecula. 
The appearance is nearly identical to that 
xen in cancellous bone unaffected by dis- 
ease, 


PRESARCOMATOUS PAGET'S DISEASE 


Three specimens from the transition zone 
between true osteitis deformans and frank 
osteogenic sarcoma were selected for study. 
The difference between fully developed 
osteitis deformans and presarcomatous 
osteitis deformans was quite apparent, 
but the difference between the latter and 
wteitis deformans in the so-called porotic 
stage was less clear-cut. Our histologic 
aid microradiographic criteria for osteo- 
seule sarcoma are reported elsewhere (4). 

Conventional Histologic Sections: Pre- 
“rcomatous Paget’s disease in a section 
‘tained with hematoxylin and eosin is 
illustrated in Figure 7, a. The presence, 
between the trabeculae, of numerous cells 


Fig. 7. Presarcomatous Paget’s disease. a. The 
beams of bone are closely packed together. The inter- 
trabecular tissue is made up of many cells with plump 
nuclei. (Hematoxylin and eosin. 100.) 

b. Irregular mineralization of the beams of bone 
may be noted. (Microradiograph: 10 kv; 15 ma; 20 
min. X100.) 

c. Polarized-light view showing fragmentary and 
abnormal collagen. (X 140.) 


with plump nuclei is striking. None of 
the vascularity seen with the other types 
of Paget’s disease was observed, yet the 
stroma was not frankly malignant. 
Microradiographs: presarcomatous 
Paget’s disease, the beams of bone appeared 
broader by microradiography than in po- 
rotic osteitis deformans and there was a 
distinct tendency to irregular mineralization 
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of the individual beams. The similarity of 
the two types of osteitis deformans is ap- 
parent, however, when the microradio- 
graphs of both are compared (Figs. 6, b and 
7, 5). 

Polarized Light: Examination of presar- 
comatous Paget’s disease under polarized 
light revealed an extremely fragmentary 
type of collagen orientation definitely dif- 
ferent from that in the fully developed 
and porotic types (Fig. 7, c). The frag- 
mentary appearance was similar to that 
reported in studies on osteogenic sarcoma 


(4). 
COMMENT 


The morphologic appearance of osteitis 
deformans has frequently been described. 
Microradiography, however, permits a 
more thorough examination of the altera- 
tion in mineralization of the bone. Our 
study seems to allow us to distinguish 
three sharply contrasted morphologic var- 
iants of the same disease process. 

The appearance of the mineralized por- 
tion of the specimens seems distinct when 
fully developed osteitis deformans is com- 
pared with the porotic or presarcomatous 
type. In the fully developed form the 
remodeling process of cortical-bone growth 
has been completely disturbed by the 
growth and expansion of the contents of 
the haversian spaces and canals (Fig. 4). 
Although normal haversian architecture 
in this type of Paget’s disease is hard to 
recognize, some semblance is still evident 
(Fig. 4, 5). In the porotic stage the 
individual trabeculae are similar in many 
ways to normal cancellous trabeculae, 
particularly in that the mineralization 
and collagen structure are not unlike 
those of normal cancellous bone. In 
presarcomatous osteitis deformans the tra- 
beculae in the mineralized portion of 
cancellous bone are thicker and more un- 
evenly mineralized than the fine narrow 
trabeculae of the porotic type. 

For study of the soft-tissue or stromal 
component, conventional technics (sec- 
tions stained with hematoxylin and eosin) 
are best. Presarcomatous osteitis defor- 


Septemher 1% 


mans has a stroma of closely Packed c¢lj 
with plump nuclei, its characteristic ma. 
phologic appearance. The stromas A 
porotic and fully developed osteitis de. 
formans are very similar, Consisting ¢j 
connective tissue that is vascular, loose jn 
cellular arrangement, and the site of foci 
of marrow fat cells. 

Although polarized light is not as refines 
a method of studying collagen as is electron 
microscopy, our observations indicate that 
a truly abnormal collagen is seen only in 
the presarcomatous type of Paget's disease 
The mosaic pattern of fully developed 
osteitis deformans is, in our opinion, : 
reality and not an artefact. It can he 
shown by conventional technics as well x 
under polarized light and by microradioy 
raphy. The latter seems to reveal that 
the pattern is due to a variable degree oj 
mineralization of the bone and orientation 
of the collagen, since the same patchy 
arrangement is evident in polarized light 
studies. 


SUMMARY 


Fourteen specimens of osteitis deformans 
have been studied by microradiography, 
polarized light, and conventional histologic 
methods. Three morphologic types 0 
the disease are distinguished. Fully de 
veloped and porotic osteitis deforman 
are roentgen entities well recognized by the 
radiologist. The third type, found in the 
transition zone between osteitis deformans 
and frank osteogenic sarcoma, “presat 
comatous osteitis deformans,”’ does not 
have a characteristic roentgenologic ap: 
pearance. The morphologic featur 
have been studied to illustrate difference 
and similarities in the mineral contetl 
stromal structure, and collagen pattern. 


Mayo Clinic 
Rochester, Minn. 
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SUMMARIO IN INTERLINGUA 


Osteitis Deformante (Morbo de Paget de Osso): Un Studio Morphologic con le Uso de 
Microradiographia e de Technicas Conventional 


Dece-quatro specimens de osteitis de- 
jormante esseva studiate per microradio- 
gaphia, lumine polarisate, e methodos 
listologic conventional. Tres typos mor- 
phologic del morbo es distinguite: Le 


prime duo—plenmente disveloppate ostei- 
tis deformante e le typo porotic—es 


ben recognoscite per le radiologo. Le ter- 
tie typo, trovate in le zona de transition 
inter osteitis deformante e franc sarcoma 
osteogene, non manifesta un characteristic 
apparentia roentgenographic. 

Tamen, le microradiographia permitte 
un plus detaliate examine del alterate 
mineralisation in le osso e rende possibile 
istinguer un nette contrasto inter le tres 
vaantes. In le plenmente disveloppate 
'ypo de osteitis deformante, le processo 


remodulatori in le crescentia de osso 
cortical es completemente disturbate per le 
crescentia e le expansion del contento del 
spatios e canales haversian. Ben que le 
normal architectura haversian es difficile a 
recognoscer, un certe similitude remane 
evidente. In osteitis deformans pre-sarco- 
matose, le trabeculas in le mineralisate 
portion de osso cancellose es plus spisse e 
mineralisate minus uniformemente que le 
delicate e fin trabeculas del typo porotic. 

Ben que le methodo a lumine polarisate 
non es tanto raffinate como le microscopia 
electronic in le studio de collageno, le 
observationes del autores pare indicar que 
un collageno vermente anormal es_ in- 
contrate solmente in le typo pre-sarco- 
matose de morbo de Paget. 
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| ove THE widespread use and pro- 
claimed safety of Pantopaque myel- 
ography (1-7) many still adopt a reluctant 
attitude toward its indiscriminate and 
repeated employment or condemn it as 
a screening procedure. The basis for this 
hesitancy are reports of occasional adverse 
reactions of the leptomeninges with early 
or late sequelae in the spinal canal or 
intracranial cavity. A method without 
the disadvantages associated with the 
introduction of a potentially irritating 
substance into the subarachnoid space 
but with comparable accuracy, even if 
limited to lesions of the lumbar spine, 
would indeed constitute a valuable ad- 
dition to our diagnostic armamentarium. 
It was our feeling that intraosseous verte- 
bral venography might hold such promise. 
We therefore set out to compare its 
potentialities with those of Pantopaque 
myelography in the diagnosis of such 
surgical lesions of the lumbar spine and 
nerve roots as disk protrusion, spondylo- 
listhesis, symptomatic spina bifida oc- 
culta, tumors of the cauda equina, epi- 
dural tumors, and metastatic tumors of the 
vertebral column. 


ANATOMIC CONSIDERATIONS 


The blood from the medulla spinalis, 
nerve roots, meninges, vertebral column, 
and paravertebral muscles is drained by 
multiple veins constituting a network 
extending over the entire length of the 
spine. These venous plexuses are located 
in part outside and in part inside the 
spinal canal (Fig. 1). 

The external vertebral venous plexus sur- 
rounds the vertebral column and is best 


February 1961. 


Selected illustrations reproduced from Schobinger, R.: 


Stratton, Inc. 


Comparison of Intraosseous Vertebral Venography and 

Pantopaque Myelography in the Diagnosis of Surgical 
Conditions of the Lumbar Spine and Nerve Roots! 

ROBERT A. SCHOBINGER, M.D., ERICH G. KRUEGER, M.D., and GARRISON L. SOBEL, M.D. 


1 From the General Surgical and Neurosurgical Sections (Surgical Service), Bronx Vetera 
Hospital; the Department of Surgery, Albert Einstein College of Medicine; the Departmen 
Surgery, College of Physicians and Surgeons, Columbia University, New York, N. Y. 
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developed in the cervical region, an ap. 
atomic peculiarity which has been roe. 
genographically verified (8, 9). Its po 
terior division is located along the spinow 
processes and the posterior surface of th 
transverse processes, extending also ly. 
tween the posterior paravertebral muscle, 
The anterior division is situated laterally 
and anteriorly to the vertebral bodies ani 
is linked to its posterior counterpart « 
well as to the internal vertebral plexus 
(Fig. 1). The external vertebral venou 
plexus assumes important collateral cir 
culatory duties in the presence of some 
obstruction to the blood flow within the 
internal vertebral venous plexus. 

The internal vertebral venous plexus, 
which we prefer to call the epidural plexus, 
is located within the spinal canal between 
the dura and the bony surfaces of the 
vertebrae. The epidural veins run along 
the entire length of the spine and their 
anatomical continuity with the intr 
cranial dural sinuses has been confirmed 
by Batson (10). The veins of the internal 
vertebral plexus surround the spinal dur 
and form two pairs of well developed long- 
tudinal channels connected with each other 
by a series of venous rings, one opposite 
each vertebra. The epidural veins at 
furthermore connected to the external 
vertebral venous plexus and to two im 
portant veins: the basivertebral and the 
intervertebral (Fig. 1), the former draining 
blood directly from the vertebral body, 
the latter accompanying the nerve rool 
sleeve, to be joined by radicular veins from 
the spinal cord and cauda equina. The 
intervertebral veins thus serve as outlet 
for the internal and external vertebra 
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Intra-osseous Venography, by permission of Grun 
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uses into segmental body veins, 


venous plex 


which, caudad to cephalad, are the lateral 
nd sacral, lumbar, posterior intercostal, and 
al vertebral veins. This anatomic arrange- 
ment allows collateral shunting in either 
direction between the vertebral plexuses 
D. ind inferior and superior caval circula- 


tions. It is the system of epidural and 
intervertebral veins and the alterations of 
their physiologic and, or pathologic pat- 
; which form the basis of venographic 
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slight modification, the simple principle of 
abdominal compression routinely employed 
in excretory urography. Since the tech- 
nic of lumbosacral intraosseous venography 
has been presented in detail elsewhere (12) 
only certain important aspects of the 
method will be mentioned here. 

The patient is placed in the prone posi- 
tion on a wedge-shaped film tunnel on 
top of which lies an inflatable balloon 
(Fig. 2, A). This position is often better 


tolerated by patients with acute low back 


Posterior vertebral 


| plexus 
venous 
ral cir- — Branch per- 
thin the Radicular vein re- ous rete 
external - Lateral transverse 
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ce TECHNIC pain than the flat prone position. The 
ins ar ff Adequate sedation is obtained by the tunnel holds a 10 X 12-inch film in a 
external f “ministration of Demerol (100 mg.) and Stationary grid cassette. A slightly — 
wo im- @ econal (100 mg.) one hour prior to intra- exposed scout film of the lumbar spine 
and the § “Seous vertebral venography, a procedure with the shortest possible exposure time 
jraining § "ich is preferably performed on a fasting 18 always obtained and a spinous process, 
1 body, i Patient. preferably one vertebra caudad to the 
ve root Mf Excellent opacification of the epidural level of suspected abnormality, is identi- 
ns from f "ls can be achieved by temporarily oc- fied. Occasionally, however, proper can- 
2. The ff ‘uding the inferior vena cava (11). This mulation of a very narrow sacral spinous 
outlets ff ™aueuver results in the prompt shunting process may be difficult or even impossible, 
ertebral inferior vena cava blood through readily and in such instances the spinous process 
~— wailable collaterals, including the all- of L5 may be selected in an attempt to 
a important system of epidural veins. For opacify the epidural plexus of the L5-S1 


this purpose we have adopted, with a 
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Fig. 2. A. Correct positioning of patient on wedge- 
shaped cassette holder for venograms in the postero- 
anterior projection. X-ray tube must be tilted accord- 
ing to inclination of film. X indicates site of bone 
puncture. 

B. Correct positioning of patient for intraosseous 
epidural venograms in a lateral projection. A 14 X 
17-inch film contained in a movable Bucky diaphragm 
is employed. 

C. Correct positioning of patient for oblique views. 
Balsa wood ball compresses inferior vena cava. 


local anesthesia, a 16-gauge Rosenthal 
bone-marrow needle is introduced into the 
medullary cavity of the spinous process 
by a rotary motion of the hand. Peripheral 
blood containing bone-marrow particles 
must be freely aspirated prior to the in- 
jection of any substance. Strict adherence 
to this rule will prevent inadequate in- 
jections. 

After correct placement of the needle, 
2 to 3 cc. of 2 per cent procaine is in- 
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jected directly into the marrow cavity 
One or two minutes thereafter, an ty 
of 25 c.c. of 50 per cent Hypaque jg Paid 
introduced within five seconds or le 
after tightening of the constriction bay: 
and adequate inflation of the compressio 
balloon. One film exposed during th 
injection of the last 2 or 3 c.c. of contray 
medium is immediately developed and yj 
furnish the desired information, If thy 
venogram is technically and diagnosticall; 
satisfactory, the needle may be withdray: 
and a small sterile dressing applied. Spe. 
cial aftercare is not required. 
Venograms obtained in the postero- 
anterior projection are most informative. 
We customarily add a venogram in . 
straight lateral projection (Fig. 2, 8 
while the patient is executing a Valsalv: 
maneuver. This view furnishes additional 
information in some cases. It must be 
realized that the ascending lumbar veins 
occasionally tend to overlap the epidural 
veins on lateral views, thus rendering 
difficult a detailed analysis of the various 
venous structures. Oblique views with 
temporary compression of the inferior 
vena cava may be helpful (Fig. 2, C). 


REPRESENTATIVE VENOGRAPHIC FINDINGS 


This report encompasses 68 patients 
with a variety of lesions involving the 
bony and/or neural elements of the verte 
bral column (Table I). The venographic 
findings representative of the various 
groups will be discussed. 


Normal Venograms 


In normal venography, the contrast 
medium promptly escapes from the medul- 
lary cavity of the injected bone into the 
external and internal vertebral venous 
plexuses. Since the blood in the epidural 
veins lacks, for all practical purposes, 3 
direction of flow in the normal resting 
individual placed in the horizontal post 
tion, the radiopaque material outlines 
these plexuses in cephalad and caudad 
direction usually over only a few vertebral 
spaces. This is best observed im the 
lateral view without compressiou of the 
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_ Fig.3. A. Normal postero-anterior epidural venogram. Note paucity of retrograde flow and excellent visual - 
wation of epidural and intervertebral veins over entire lumbar spine. Inferior vena cava temporarily compressed. 

Normal lateral epidural venogram without compression of the inferior vena cava or Valsalva maneuver. 
External (E.V.V.P.) and internal (I.V.V.P.) vertebral venous plexuses outlined in cephalad and caudad directions, 
with opacification of the inferior vena cava over lumbar veins. Ascending lumbar veins (A.L.V.) occasionally 
overlap the internal vertebral venous plexus (epidural veins), rendering detailed study of the latter veins im- 


possible in this projection. L. V. Lumbar vein. 
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_ Fig. 4. Intervertebral disk protrusion L5-S1, left. In th 

oe Indentation of Pantopaque column at the L5-S1 interspace, left, with filling defect of the lei bloc! 

B. Intraosseous venogram, same patient. Medium injected into spinous process of $2. Epidural veins in react 
L5-S1 interspace well outlined on right but thinned and spread out on left (arrow). Venous plexus well opacified agail 
cephalad and caudad to lesion. Diagnosis confirmed at surgery. 

Fig. 5. Intervertebral disk protrusion L4-L5, right and 
: A. Myelogram. Indentation of the Pantopaque column at the L4-L5 interspace, right, with shortening of the what 
right L5 root sleeve. 

B. Epidural venogram, same patient. Hypaque injected into spinous process of L5. _ Filling defect in epidural caus 
plexus at L4-L5, right. Plexus on the left as well as cephalad and caudad well outlined. Note lack of opacifica- ferer 
tion of intervertebral vein corresponding to level of lesion. Compare with normal left side (arrow). Diagnosis 
confirmed at operation. and 

spine 
: inferior vena cava (Fig. 3, B). If, how- compression of nerve sleeves, dural sac, 
ever, this latter vein is temporarily oc- and vascular structures. Venography is: 

cluded, a definite cephalad direction of sensitive indicator of displacements ot St 

flow within the internal vertebral venous obstructions of the epidural veins. We § tern 

plexus does occur. Normally, the system have found that the most informative § local 

of epidural veins appears in the postero- angiograms in this particular type o § eid 

anterior projection as a continuous ladder lesion are those obtained in the postero- J shift 

of venous structures. The intervertebral anterior projection, with temporary 0 9 On 

; veins are also opacified over many inter- clusion of the inferior vena cava, and the disp 

vertebral spaces and are seen to drain into remarks in this paragraph refer primarily § in r 

the laterally situated ascending lumbar to observations made on such views rest 

veins. The opacification of these various With increasing compression or deviation ven 

venous structures appears bilaterally of the epidural veins, an augmented degree J «pid 

equal (Fig. 3, A). Deviations from this of collateral circulation via the external Jf obse 

: continuous pattern connote an obstruction vertebral venous plexus and ascending P 

affecting the flow within the vertebral lumbar veins can be observed. Further 9 srar 

venous plexuses cephalad to the level of more, there is also evidence of flow of cet 

injection. contrast medium in a distal direction toa J oft 

degree not observed under normal condi § oft 

Lumbar Disk Protrusions tions. Such a retrograde flow suggests cal 

The protrusion of an intervertebral disk stasis within the vertebral venous circ . 


into the spinal canal usually leads to lation and is commonly more pronounced 
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on the side of the disease process. Usu- 
ally, the intervertebral vein corresponding 
to the level of the lesion is not opacified. 
Conversely, the ascending lumbar veins 
and the external vertebral plexus may be 
more densely opacified than normal since 
they are called upon to assume a greater 
wllateral circulatory function. 

In mild disk protrusions only a lateral 
deviation or mere thinning of the epidural 
veins corresponding to the level of the 
sion is observed on frontal views, and a 
posterior displacement is seen on the 
lateral projection (Figs. 4 and 5). In pro- 
nounced herniations, however, a complete 
interruption of the epidural veins occurs, 
with rather prompt re-establishment of 
the roentgenographic continuity of these 
veins cephalad to the lesion (Fig. 6). 
In these instances of total epidural venous 
block, the contrast medium is seen to 
reach the internal vertebral venous plexus 
again through the external vertebral plexus 
and ascending lumbar veins. These some- 
what subtle points are emphasized be- 
cause they assume importance in the dif- 
ferential diagnosis between benign lesions 
and metastatic tumors of the lumbar 
spine. 


Congenital Anomalies 


Spondylolisthesis: ‘The venographic pat- 
tem may appear intact with only slight 
localized posterior displacement of the 
epidural veins in the presence of a minimal 
shift of the fifth lumbar vertebral body. 
On the other hand, a marked anterior 
displacement of the body of that vertebra 
in relation to the sacrum (Fig. 7) may 
result in pronounced alterations of the 
venographic picture and even in total 
epidural venous obstruction of the type 
observed in the following anomaly. 

Painful Spina Bifida Occulta: The veno- 
sam in our patient with spina bifida 
occulta showed a complete obstruction 
of the epidural plexus at the upper level 
of the first sacral vertebra (Fig. 8). Surgi- 
al exploration revealed the replacement 
of the lamina of Si by a cartilaginous rem- 
tant suspended loosely on yellow ligament 


INTRAOSSEOUS VERTEBRAL VENOGRAPHY 


Fig. 6. 

A. Myelogram. Indentation of Pantopaque 
column at L5-S1 interspace, left, with shortening of 
left Sl root sleeve. 

B. Epidural venogram, same patient. Contrast 
medium injected into spine of Sl. Obvious filling 
defect on the left at the L5-S1 interspace with good 
opacification of a broad plexus on the right and bi- 
laterally cephalad to L5. Diagnosis surgically verified. 


Intervertebral disk protrusion L5-S1, left. 


yielding easily to pressure. This finding 
explained the mechanism of neural com- 
pression by impingement of the spinous 
process of L5 upon the remnant of Sl 
when the patient extended the lumbo- 
sacral spine. Hence, a complete obstruc- 
tion of the epidural veins reflects the 
mechanical factor causing narrowing of the 
spinal canal and compression of the neural 
elements. 


Intradural Neoplasms 


Two patients with intradural tumors 
were examined by venography. The diag- 
nosis in both instances was confirmed by 
myelography and subsequent surgery, with 
histologic confirmation of ependymoma 
of the cauda equinain 1. The venographic 
pattern in this latter patient was somewhat 
different from that observed in metastatic 
tumors. The basic pattern was of the 
occlusive type seen in vertebral metastases, 
but contrast medium was again visualized 
proximal to the tumor, outlining it to 
some degree (Fig. 9). The venogram 


gave the impression that contrast medium 
had been squeezed from the epidural 
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Fig. 7. Spondylolisthesis. Lateral intraosseous epidural venogram. Medium injected into spine of SI. 
Total block of epidural plexus (arrow) with marked collateral and retrograde flow. In mild spondylolisthesis only 
a posterior deviation of the anterior portion of the epidural plexus may be present. 


Fig. 8. Painful spina bifida occulta, $1. avolved 

A. Myelogram. Slight shortening of the left S1 root sleeve. Cartilaginous replacement of lamina of invol 
vertebra. 

B. Myelogram, lateral projection, same patient. Abnormally great distance between posterior border of verte- 
bral bodies and anterior aspect of Pantopaque column at L5-S1 level. ‘dural 

C. Epidural venogram, same patient. Medium injected into $2 spinous process. Complete block of epi 
plexus at L5-S1 interspace with marked retrograde flow. Unsuccessful initial attempt to properly cannulate a 
inject Sl spinous process explained by cartilaginous (avascular) replacement of that spinous process. Diagnost 
confirmed at surgery. 
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veins, the latter being compressed by 
the intradural mass. 

An even more pronounced obliteration 
of the epidural veins was present in a 
patient with an intramedullary glioma 
extending from the lower cervical to the 
upper dorsal spine. Injection of contrast 
medium into the spinous process of C6 
revealed a complete block of the epidural 
veins with shunting of the radiopaque 
substance over dilated veins of the external 
vertebral plexus. 


Adhesive Arachnoiditis 
Since Pantopaque myelography may 
cause adhesive arachnoiditis, its use in 


Fig. 9. Ependymoma of cauda equina. 

A. Myelogram. Well circumscribed, typical filling 
defect with filiform downward extension into Panto- 
paque column. 

B. Epidural venogram, same patient. Injection 
into spinous process of L4. Posterior portion of 
epidural plexus obliterated at level of L3 (upper 
arrow) with inferoposterior deviation of intervertebral 
vein at L3-L4 interspace (lower arrow). Contrast 
medium visible in lumbar veins at level of lesion. 
Considerable retrograde flow. Venogram outlines 

e of SI 4 Bee Be extent of tumor (compare with myelogram ). Diagnosis 
seas only j (ad of intradural tumor extending from mid L2 to L3-L4 
: interspace confirmed at surgery. 
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Fig. 10. Adhesive arachnoiditis. 

A. Myelogram. Total block at level of Ll as 
demonstrated by lumbar and cervical instillation of 
Pantopaque. Note typical streaky appearance of 
Pantopaque column. 

B. Epidural venogram, same patient. Injection 
performed into L5 spinous process (patient having 6 
lumbar vertebrae). Entirely normal venogram. 


patients already afflicted with that condi- 
tion is not desirable, although necessary 
to establish the diagnosis or to rule out the 
presence of an intraspinal tumor. There- 
fore, and also for reasons of comparison, 
contrast myelography and vertebral venog- 
raphy were purposely performed in 2 
patients with a diagnosis of adhesive 
arachnoiditis, surgically confirmed in 1 
instance and presumptive in the other. 
Findings on vertebral venography were 
normal in both cases, while myelography 
showed a typical streaky appearance of 
contrast medium with total block in the 
proved (Fig. 10) as well as in the uncon- 
firmed case. Venography thus furnished 
supplementary data, ruling out the pres- 
ence of a tumor, a possibility which had 
to be considered on the basis of either 
clinical or myelographic findings. The 
necessity of myelography may be averted 
under these circumstances. 


Vertebral Metastases 
The angiographic pattern of the verte- 
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bral venous circulation jis rather typical 
in the presence of malignant lesions 
involving the spine. In contradistinetion 
to the vascular pattern in protruded inter. 
vertebral disks, there is complete in 

tion of the flow of contrast medium at the 
level of the neoplastic process, Wig, 


Fig. 11. Metastatic renal-cell carcinoma. 

A. Cisternal myelogram. Total block at upper 
border of T11. Destructive process involving T12. 
Lumbar myelogram (not illustrated) revealed filling 
defect cephalad to L3 with complete block at L1. 

B. Epidural venogram. Hypaque injected into 
spinous process of L4. Total block of epidural veins 
at upper border of L4. No cephalad but marked 
retrograde flow of contrast medium. Although verte- 
brae appear normal at this level, the total venographic 
block indicates presence of neoplasm. This was con- 
firmed by surgery and histology. 


lateral views only, this observation has 
been made in all instances of malignant 
deposits, thus confirming previously te 
ported venographic findings in osteolytic, 
osteoblastic, and intertrabecular metas 
tases (12-16). Frequently the inter 
vertebral, lumbar, and ascending lumbar 
veins appear obstructed in the vicinity 
of the neoplasm. With the flow of com 
trast medium within the epidural veims 
taking place toward the heart under the 
conditions prevailing during intraosseous 
vertebral venography (inferior vena cava 
compression or Valsalva exercise), contrast 
substance is usually absent in the epidural 
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veins cephalad to the lesion (Figs. 11 and 
12). 


Radiation Myelitis and/or Radiculopathy 


Irradiation of the retroperitoneal space 
for primary or metastatic malignant lym- 
phadenopathy cannot always be planned 
in such a manner as to exclude the neural 
structures from the beam of ionizing radia- 
tion. Permanent neurologic disturbances 
following radiation therapy to this area 
are unusual, but the incidence of radiation 
myelitis following treatment of carcinoma 
of the testis with doses exceeding 5,000 


Fig. 12. Intervertebral disk protrusion, L4-L5, 
combined with metastatic anaplastic carcinoma (paro- 
tis) involving L3. 

A. Myelogram. Narrowing of Pantopaque column 
at L4-L5 interspace with shortening of left L5 root 
sleeve. Detailed study revealed free flow of Panto- 
paque over entire ‘:mbar spine cephalad to L4-L5 
interspace. 

B. Epidural venogram, same patient. Contrast 
medium injected into L3 spinous process. Complete 
block of epidural veins at level of L3 with marked 
retrograde flow. Since anterior portion of epidural 
venous plexus was not outlined, herniation of inter- 
vertebral disk at L4-L5 could not be established. 
Myelography was indicative of a disk at that level but 
not of carcinoma (intertrabecular) involving L3. 
Biopsy of L3 spinous process during laminectomy for 
bilateral removal of large herniated L4-L5 disk con- 
firmed the presence of neoplasm. 
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Fig. 13. 


A and B. 
C. Epidural venogram, same patient. 
aspirate blood from the spinous processes of L4 to Sl were unsuccessful. 
Mild extravasation of medium along left posterior paravertebral muscles; marked retrograde flow. 
diagnosis of probable metastatic tumor. 
tissues within radiation portals but no neoplasm. 


r has been reported to be as high as 10 per 
cent (17,18). Our patient who on surgical 
exploration was found to fall into this 
category underwent orchiectomy for semi- 
noma six years prior to intraosseous ver- 
tebral venography. The operation was 
immediately followed by a course of radia- 
tion therapy for a tumor dose of 2,000 r 
to the retroperitoneal area and 2,400 r 
to the right inguinal region. Two years 
later a second identical course of irradia- 
tion was administered for clinically re- 
current disease. The neurologic symp- 
toms of motor and reflex impairment 
started twelve months after the second 
course of radiotherapy and became pro- 
gressively worse, with subsequent ap- 
pearance of sensory impairment and dis- 
turbances of bladder function. 
Venography revealed a complete block 
of the epidural veins at the level of L5, 
with marked retrograde and collateral 
flow of the contrast medium (Fig. 13, C). 
This pattern mimics that observed in the 
presence of vertebral metastases. Several 


i Radiation myelitis and/or radiculopathy. 
Myelograms revealing normal aspect of Pantopaque column in frontal and lateral views, 
Injection performed into spinous process of S2. 


Several attempts to 


Venogram reveals total block at Li 


Venographic 


Laminectomy and biopsy revealed avascularity of bone and epidural 


TABLE I: CASE MATERIAL 


Diagnosis 


Venogram Myelogram Operation 


Lumbar disk pro- 
trusions 
L5-S1 
L4-L5 
L3-L4 
L2-L3 
Radiculitis, uncon- 
firmed surgically 
or of unknown 
origin 
Congenital mal- 
formation 
Spondylolisthesis 
Spina bifida 
occulta 
Intradural tumors 
Adhesive arach- 
noiditis 
Metastatic tumors 
Radiation myelitis 
or radiculopathy 


TOTAL 


13 11 13 
16 18 
1 
1 
21 8 2 
2 2 2 
1 1 
2 2 2 
2 2 1 
6 6 6 
1 1 1 
68 51 48 


spinous processes 


had to be punctured 


before one was encountered which allowed 
aspiration of some peripheral blood cot- 
taining marrow elements; even this yield 
was minimal. Two previous myelograms 
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Clinical 


Disk Protrusion L5-S1 Inters pace 


iculitis S1, Rt. 

i SI, Lt. 
Radiculitis S1, Lt. 

Radiculitis S1, Lt. 
5, Radiculitis S1, Lt. 
6. Radiculitis Si, Lt. 
7. Radiculitis S1, Lt. 
Radiculitis S1, Rt. 
9, Radiculitis S1, Lt. 
10. Radiculitis S1, Lt. 


11, Radiculitis L5 and Sl, Lt. 
12, Radiculitis L5 and S1, Lt. 


TABLE II: VERIFIED LUMBAR Disk Protrusions (D.P.) 


Venographic 
Diagnosis 


Myelographic 
Diagnosis 


Operative 
Diagnosis 


D.P. L5-S1, Rt. 
D.P. L5-S1, Lt. 
D.P. L5-S1, Lt. 
D.P. L5-S1, Lt. 
D.P. L5-S1, Lt. 
D.P. L5-S1, Lt. 
Technical failure 
D.P. L5-S1, Rt. 
D.P. L5-S1, Lt. 
D.P. L5-S1, Lt. 
D.P. L5-S1, Lt. and 
midline 

D.P. L5-S1, Lt. 
D.P. L5-S1, Rt. and 


Same 
D.P. L5&-S1, Lt. 
Same 
Same 
None 
Not diagnostic 


D.P. L5-S1, midline 
None 


. L5-S1, Lt. and 
midline 
D:P. L5-Si, Lt. 
D.P. L5-S1, midline, 


13, Radiculitis S1, Lt. > Rt. Lt 
(status postoperative re- midline 
moval D.P. L5-S1, Rt.) 


Rt. > Lt. 


Disk Protrusion L4-L5 Interspace 
1, Radiculitis L5 and S1, Rt. 


9. Radiculitis L5, Rt. 
Radiculitis L5 and Lt. 


D.P. L4-L5, Rt. 
D.P. L4-L5, Rt. 


D.P. L4-L5, Lt. and 
midline 


D.P. L4-L5, Rt. and 
midline 

Suggestive of D.P. 
L4-L5, Rt. 

Same 


D.P. L4-L5, Rt. and 
midline 
D.P. L4-L5, Rt. 


Same 


. Radiculitis L5, Rt. D.P. L4-L&, Rt. Same Same 
. Radiculitis L5 and S1, Rt. D.P. L4-L5, Lt. and D.P. L4-L5, midline D.P. L4-L5, Rt 
midline midline 
tempts to }, Radiculitis L5 and S1, Rt. D.P. L4-L5 D.P. L4-L5 Rt. 
ck at Lj 7, Radiculitis L5, Rt. D.P. L4-L5, Rt. Same une 
nographic Radiculitis L5, Lt. D.P. L4-L5, Lt. and D.P. L4-L5, Lt. it: 
1 epidural midline 


)peration 


9. Radiculitis L5, Lt. 
. Radiculitis $1, Lt. 
. Radiculitis L4, Lt. 

2. Radiculitis L5, Lt. 

3. Radiculitis L5, Lt 


14. Radiculitis L5 and SI, Rt. 


5. Radiculitis L5, Lt. 


. Radiculitis L5 and S1, Rt. 
7. Radiculitis L5, Rt. and Sl, 


Rt. > Lt. 
. Radiculitis L5, Lt. 


D.P. Lt. 
D.P. L4-L5, Lt. 
D.P. L4-L5, Lt. 
D.P. LA-L5, Lt. 
D.P. L4-L5, midline 
D.P. L4-L5, Rt. 
D.P. L4-L5, Lt. 
D.P. L4-L5, Rt. and 
midline 
D.P. L4-L5, Rt. and 
midline 


Same 
None 
Same 
Same 
Same 
None 
Same 
None 


D.P. L4-L5, Rt. 


Same 
Lt. 
Same 
Same 


Same 

D.P. L4-L5, Rt. 

Same 

D.P. L4-L5, Rt. and 
midline 

D.P. L4-L5, Rt. and 
midline 

Same 


D.P. L4-L5, Rt. Same 
Disk Protrusion L3-L4 Interspace ; 
1. Radiculitis L4, Rt. > Lt. 


Disk Protrusion L2-L3 Interspace 
1. Radiculitis L3 and L4, Lt. D.P. L2-L3, Lt. Same Same 


D.P. L3-L4, midline Same Same 


TaBLe ITA: SuMMARY OF RESULTS IN VERIFIED Disk Protrusions (D.P.) 


No 
Exami- 
nation 


Level Not 
Correct; No Diag- 
Lateralization nostic 


Technical 
Failure 


No. of 


Correct Suggestive 


_ 
vee. 
Same Same 
Same Same 
Same Same 
Same Same 
Same Same 
Same 
Same 
Same 
Same 
Same 
“a 
| and 
2 
: 
18 
a 
9 
6 L5-S1 
1 Myelogram 11 9 1 1 2 
Myelogram 15 12 1 2 3 
ctured Venogram 1 1 ae 
9. 
Yenogram 33 30 2 1 
Yelogram 28 23 1 3 1 5 
ia 
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Fig. 14. Pneumoencephalogram with deposits of 
Pantopaque in basal cisterns and subarachnoid spaces 
of sulci of both hemispheres. Pantopaque was intro- 
duced during cervical myelography performed in 
another hospital nine months prior to this study. 
Patient began to complain of headaches and numbness 
of face and body on the left, approximately one month 
after myelography. 


had been interpreted as normal (Fig. 
13, A and B), and bone biopsies had failed 
to demonstrate metastatic tumor. 


COMPARISON OF RESULTS OF VENOGRAPHY 
AND MYELOGRAPHY 

Venography was carried out in 65 
patients with neurosurgical disorders and 
in 3 with orthopedic conditions (Table I). 
Except for 1 patient with a metastatic 
carcinoma of the lower thoracic spine and 
another with an intramedullary glioma 
of the lower cervical region, all exhibited 
symptoms of disease of the lumbar spine 
and or meninges and nerve roots. 

In the group of verified disk protrusions, 
the clinical, venographic, myelographic, 
and operative diagnoses are listed for each 
case (Table II) and summarized in a 
composite tabulation (Table IIA). The 
venographic diagnosis was correct in 30 
out of 33 instances and partially correct 
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in an additional 2, with | technical failure 
Myelograms were obtained in only 28 cases 
the diagnosis was correct in 23, Suggestive 
in 1, partially correct in 3, and not diag. 
nostic in 1. In disk protrusion at the 
L5-S1 interspace, the diagnostic accuracy 
of venography appears equal to that of 
myelography and even slightly superior 

In the group of patients with radiculitis 
and low-back symptoms of unverified oy 
miscellaneous origin, a comparison of the 
two methods is difficult since myelography 
was carried out in only 10 of the 21 pa. 
tients. The venographic findings in |4 
instances, however, supported the clinical 
diagnosis or suspicion of a root compres- 
sion. We also considered the aid of Venog- 
raphy rather important in excluding 
organic lesions in 3 out of 5 patients with 
psychotic or neurotic symptoms (Tables 
III and IIIA). 

The third group of 14 patients with 
various lesions (congenital malformations, 
tumors, adhesive arachnoiditis and radia- 
tion myelitis) is presented in Table IV 
with a summary of the results in Table 
IVA. The tabulations are self-explanatory 
and indicate the superiority of venography 
in the group of metastatic lesions as pre- 
sented in more detail in the discussion. 

There were 3 technical failures in the 
course of this study: 2 during intra- 
osseous venography and | after myelog- 
graphy. Those occurring during epidural 
venography were due to extravasation or 
injection of contrast medium (50 per cent 
Hypaque) into the epidural space. In 
both instances unusually pronounced pain 
localized in the back and radiating into 
both lower extremities was experienced. 
Urinary retention requiring catheterization 
was present in 1 case but subsided after 
twenty-four hours. No other immediate 
or late sequellae were observed in either 
instance. 

Both of these complications occurred 
because two basic rules governing success 
ful intraosseous venography were not ob- 
served. In one patient a high-pressure 
mechanical device was employed to 4 
ject contrast medium through a proper!) 
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The epidural extravasa- 
tion of contrast medium must therefore 
have been secondary to the rupture of an 
epidural vein caused by the transmission 
of the highly increased intraosseous pres- 
wre. In the second instance, contrast 
medium was injected directly into the 
geral epidural space following the faulty 
lacement of the bone-marrow needle. 
The error in the first case consisted in the 
use of a mechanical injector which we 
condemn for intraosseous venography. In 
the second patient, contrast medium was 
injected in spite of the fact that peripheral 
blood containing marrow elements could 
not possibly have been aspirated from the 
needle placed in the epidural space. As 
has been stated earlier in the paper, only 
trict adherence to the absolute rule 
never to inject any substance unless peripheral 
lod containing marrow particles can be 
aspirated will avoid faulty intraosseous 
venograms. Experience, however, has re- 
peatedly demonstrated that a certain 
number of technical errors must generally 
be anticipated in any program concerned 
with resident training. 

The technical failure following myelog- 
raphy performed on another service was 
due to intravasation of Pantopaque into the 
epidural, lumbar, and iliac veins as well 
as the inferior vena cava (Fig. 15). *We 
refer to the literature for a more detailed 
discussion of this complication (47) which, 
in contradistinction to the epidural extrav 
asation of a water-soluble substance such 
as Hypaque, may not always be without 
sequels. In the case included here, intrav- 
sation of Pantopaque was fortunately 
inconsequential. 


placed needle. 


DISCUSSION 


_ Myelography with contrast media was 
introduced in 1922 by Sicard and Forestier 
I) as an aid in the localization of spinal- 
cord tumors. These authors replaced a 
mall volume of spinal fluid with iodized 
poppy-seed oil (Lipiodol). Mixter and 
Ayer (20) in 1935 demonstrated the value 
of this method in the diagnosis of lumbar 
tisk protrusion or rupture. In 1942, ethyl- 


INTRAOSSEOUS VERTEBRAL VENOGRAPIIY 


Myelogram with intravasation of Panto- 
paque into lumbar and iliac veins and inferior vena 


Fig. 15. 


cava. 
failure. 


Myelogram not diagnostic due to technical 


phenylundecylate (Pantopaque), a_ less 
viscous contrast medium, with the ad- 
ditional advantage of being absorbed in 
a variable but usually regular manner 
from the spinal subarachnoid space, re- 
placed Lipiodol (1, 21, 22). Since then, 
Pantopaque has been used with increasing 
frequency, in greater amounts (23-25), 
and in recent years also in the diagnosis of 
lesions involving the aqueduct and the 
contents of the posterior fossa (4, 7, 26, 27). 

Although the great diagnostic value of 
Pantopaque myelography and _ ventricu- 
lography is undeniable, certain disadvan- 
tages and limitations in its use have be- 


‘ 
389 
— 
— 
— 


390 


ROBERT A. SCHOBINGER, ERICH G. KRUEGER, GARRISON L. SoBEL 


September 1%) 


TAB 
TABLE III: RADICULITIS SURGICALLY Not CONFIRMED OR OF UNKNOWN ORIGIN ja 
Venographic Myelographic Operative Comments 
Suspected Disk Protrusions 4 ~ 
1. Radiculitis $1, Rt. Block L5-SI, Lt. and None None Improved on consery. Sus} 
; L4-L5, Rt. ative therapy 
ae 2. Radiculitis $1, Lt. Block L5-S1, bilateral Filling defect, None Improved on consery V 
> Rt. 5-S1 ative therapy 
3. Radiculitis $1, Lt. Normal Normal None Improved on consery Sus 
4. Radiculitis S1, Rt. Block L5-SI, Rt. None None Improved on consery V 
(Previous removal Sus 
5. Radiculitis S1, Lt. Technical failure None None Improved on consery. 
6. Radiculitis L5, Lt. Block L4-L5, bilateral None None Improved on consery. ) 
7. Radiculitis L5, Lt. Deviation to Rt., Normal None Improved on consery. 
L4-L5 ative therapy | 
8. Radiculitis L5, Rt. Block L4-L5, Rt. None None Improved on consery- . 
ative therapy 
9. Radiculitis L5, Rt. Block L4-L5, Rt. > None None Improved on consery- 
> Lt. Lt. ative therapy 
10. Radiculitis L5 and Normal Not diagnostic None Improved on consery- = 
$l, Lt. ative therapy 
11. Radiculitis L5, bi- Block L4-L5, bilateral None None Improved on consery- sec 
lateral and S1, Lt. ative therapy ik 
Suspected Disk Protrusions in Patients with Psychiatric Symptoms a 
12. Radiculitis L5, Rt. Normal None None be 
and Sl, Lt. net 
13. Radiculitis L5, Lt. Block, L4-L5, bi- Not diagnostic | None d 
lateral ad 
14. Radiculitis S1, Lt. Deviation, L5-S1, Lt. None None eX] 
15. Radiculitis S1, Lt. | Normal Normal None . 
16. Radiculitis L5, Rt. Normal Normal None wi 
Radiculitis or Low Back Symptoms of Miscellaneous Origin Pa 
17. Radiculitis L5, Lt. Thinning, lateral de- Suggestive of Osteoarthritic ridge du 
viation and widen- D.P. at L3-L4, L4-L5 th 
ing L4-L5, Lt. Lt. 
: 18. Paget’s disease and Normal None None ca 
osteoarthritis, po 
lumbar 
19. Radiculitis L5, Rt. Block L5-S1, bi- Nove No D.P. at L4-L5 Patient asympto- gr 
and §1, bilateral lateral and L5-S1. Lig- matic postopera- set 
amentum flavum tively. Pathology: 
abnormal and Ligamentum 
adherent with flavum showed loss pa 
compression of of elastic fibers with h 
dural sac replacement by V 
material of un- 4s 
determined nature 
20. Radiculitis Ll and Normal Technical failure None pr 
L2, Rt. (cauda (intravasation ) co 
equina tumor) for 
21. Tuberculosis of Filling defect, an- Anterior filling | Arthrodesis L4 
vertebrae L2, terior epidural defect through S1 ge 
L3, L4, L5 plexus L5-S1. m 
Decreased filling, 
epidural plexus L4- 
f Sl, Lt. th 
come apparent. Several critical reports arachnoiditis in the spinal cana or int te 
of clinical studies together with experi- basal cisterns (Fig. 14), with occasional in- pe 
mental observations (28-37) have indi- volvement of cranial nerves and even de- I 
cated adverse reactions to Pantopaque velopment of obstructive hydrocephalus. in 
on the part of the leptomeninges and neu- In 2 instances, death was attributed to ‘ 


Pantopaque myelography (33, 35). Tleus 


ral structures, with resultant meningitis, I 
has also been mentioned as an indirect 


radiculitis, cyst formation, and adhesive 
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PATIENTS WITH RADICULITIS OR LOW BACK SYMPTOMS OF UNVERIFIED 
OR MISCELLANEOUS ORIGIN 


Consistent 
Positive 
Findings 


No. of 
Procedures 


Level Suggestive 
Correct; No Technical 


Not 


Lateraliza- Findings Failure Diagnostic 


tion 


suspected disk protrusion at 
Li-Sl 
Venogram 
Myelogram 
suspected disk protrusion at 


te 


tou 


Venogram 
Myelogram 
Suspected disk protrusion in 
patients with psychiatric 
problems 
Venogram 
Myelogram 
Radiculitis or low back symp- 
toms of miscellaneous 
origin 
Venogram 5 
Myelogram 3 
TOTAL 
Venogram 21 12 
Myelogram 10 5 


bo 


sequel. Davies (36) concluded that “‘the 
proportion of severe symptoms could not 
be ignored and show once more the 
necessity for restraint in employing this 
admittedly valuable procedure.” Similar 
experiences have been previously reported 
with the use of iodized oil, Lipiodol (38, 46). 
Pantopaque intravasation (embolization) 
during myelography, with occasional intra- 
thoracic distress, has been described in 6 
cases, although, as Todd and Gardner 
pointed out, the actual incidence may be 
greater (47). This complication was ob- 
served in 1 of our cases (Fig. 15). 

In view of these adverse reactions, Panto- 
paque myelography has been employed 
by most medical and surgical neurologists, 
as well as orthopedic surgeons, mainly as a 
preoperative diagnostic adjunct in the 
corroboration of the clinical diagnosis and 
lor precise localization. Caution has been 
generally exercised in its use as a screening 
method in doubtful cases, in patients who 
may possibly respond to conservative 
therapy, and particularly in persons with 
emotional or neurotic disturbances and 
in those classified as malingerers or psycho- 
economic failures. Furthermore, as De- 
Jong pointed out, myelography is contra- 
indicated in the presence of infection of the 
uervous tissues or meninges cr if there is 


roentgen evidence of a destructive lesion, 
compression of the vertebral bodies, or 
Pott’s disease (48). 

Aside from its adverse effects on menin- 
geal and neural structures, myelography 
has been criticized as to its diagnostic 
accuracy, among others by Maltby and 
Pendergrass (49). Scoville, Moretz, and 
Hankins (50) in a critical analysis labeled 
previous statistics with a reported ac- 
curacy of 92 to 93 per cent as erroneous, 
since these were based on positive myelo- 
grams only. When myelography was used 
as the sole diagnostic criterion in lumbar 
disk lesions, the error was in the neighbor- 
hood of 25 to 35 per cent in their experi- 
ence. These authors cited the findings of 
Danelius and Turney, who arrived at 
similar figures. Taveras, in a recent per- 
sonal communication, gave an estimate of 
the diagnostic errors in protrusions of the 
intervertebral disk at the L5-S1 interspace 
alone as amounting to 20 per cent in the 
material of the New York Neurological 
Institute (51). MacCarty and Lane, in an 
informative publication on the Pitfalls in 
Myelography, found a lower overall inci- 
dence of errors (52). Their 223 operative 
cases included herniated disks (81.2 per 
cent), tumors of the spinal cord, meninges, 
and extradural tissues (8.5 per cent), as 
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TABLE IV: CONGENITAL MALFORMATIONS, TUMORS, ADHESIVE ARACHNOIDITIS, AND RADIATION Myeuitis AND 
ND/ OR 


. 
Final Clinical Diagnosis Venographic Myelographic Operative 
Congenital malformations a 
Spondylolisthesis and spina Block L5-S1, bilateral — Block, almost total, L5- Compression of dural s = 
bifida L2-L5 $l secondary to 
listhesis 
Spondylolisthesis Posterior deviation of | Normal root sleeves, in- — Defect in interarticular Cong 
anterior epidural creased distance be- processes ( 
plexus L5-S1 tween vertebral bodies sive laminectomy) , Ve 
and column of medium 7 M 
Symptomatic spina bifida $1 Block, L5-S1, bilateral Inadequate filling of root Spina bifida $1, no disk Intré 
sleeve left. Lateral pathology Ve 
view not diagnostic ‘ M 
Intradural tumors Adh 
Ependymoma, cauda equina Filling defect outlining Biconcave filling defect Ependymoma, L2-L4 - 
L2-L4 arising from filum lesion at L2-L4 L2, with partial block (total removal) Ve 
terminale M 
Glioma C6-T1 Cervical injection. Biconcave partial block Intramedullary glioma Met 
Block from C6 down- at C7 C4-C7 Ve 
ward, bilateral M 
Adhesive arachnoiditis Normal Total block L!, streaky Adhesive arachnoiditis Radi 
appearance of medium Ve 
Adhesive arachnoiditis Normal Total block L1-L2 None M 
Metastatic tumors 
Adenocarcinoma (lung) L2- Total block, L2-L3 Narrowing of contrast Epidural tumor (sub- 
L3 (osteolytic ) column at L2 total removal) 
Epidermoid carcinoma Block ascending lum- Normal (conventional None aa 
(tongue) L2 (intertra- bar vein right, L2- films normal) 
becular) L3 
Anaplastic epidermoid car- Total block L5 Total block at L4 Epidural tumor L3-L5 tebt 
cinoma L3-L5 (osteolytic ) invading dura at L4 
Anaplastic carcinoma, (paro- Total block at L3 Indicative only of disk Disk protrusion L4-L). con 
tis) (intertrabecular) and protrusion at L4-L5 Biopsy of spinous allo 
disk protrusion at L4-L5 process of L3 showed is 
anaplastic carcinoma epic 
Anaplastic carcinoma, T9-T12 Total block T11, Normal Biopsy of paravertebral leay 
with paravertebral mass, lateral deviation of mass showed ana- and 
Rt. (osteolytic ) azygos vein at T12 plastic carcinoma an 
Papillary adenocarcinoma Total block, L3 Cisternal myelogram Epidural tumor T12-L3 the 
(renal) T12-L3 (osteolytic ) showed a block at T1, arat 
and T1 partial T11 total. ar 
Lumbar myelogram 
filling defect L3-L1, spit 
block T12-L1 
Radiation myelitis and/or Total block L5-S1 Normal Avascularity of bone and ing 
radiculopathy L1-S1 epidural space. No will 
evidence of tumor 
rapl 
pea 
well as miscellaneous conditions (10.1 curred in lumbar disk lesions at the Ld-SI I 
per cent). They noted that in the diag- interspace, due to considerable tapering witl 
nosis of 181 cases of herniated disk, of which and narrowing of the dural cul-de-sac. a 
88 per cent occurred at the L4-L5 and This normal variant was held responsible i 
L5-S1 levels, myelography was correct for a large space between the anterior as sin 
in 89.3 per cent, whereas the clinical diag- pect of the Pantopaque column and the a 
nosis was corroborated in only 61.3 per disk protrusion, frequently wide enough on 
cent. Diagnostic errors were attributed to conceal a herniation of considerable size. (19 
to inadequate amount of Pantopaque, The cited complications and limitations a 
faulty technic of injection, vertebral anom- of myelography, mainly dependent inte 
‘ alies, normal variation in the size and _ the deliberate introduction of a potentially ahd 
; shape of the subarachnoid space, and _ irritating substance into the subarachnoid il 
“a changes due to previous procedures. The space through a lumbar puncture needle, ry 
be most frequent myelographic error oc- are not encountered in the use of ver tai 
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tappe IVA: SUMMARY OF RESULTS IN PATIENTS 
GENITAL MALFORMATIONS, Tumors, 


tH CON 
RACHNOIDITIS, AND RADIATION MYELITIS 


of 
Proce- 
dures 


Sugges- 


Normal 
tive 


Correct 


Congenital mal- 
formations 
Venogram 
Myelogram 
Intradural tumors 
Venogram 2 
Myelogram 
Adhesive arach- 
noiditis 
Venogram 2 te 
Myelogram 2 2 
Metastatic tumors 
Venogram 
Myelogram 6 
Radiation myelitis 
Venogram 
Myelogram 


Ww 


TOTAL 
Venogram 14 12 pi 
Myelogram 14 9 1 


bo 


tebral venography. The injection of 
contrast medium into a spinous process 
allows a short-lasting opacification of the 
epidural and intervertebral veins without 
leaving any trace of radiopaque material 
and without causing a persisting change in 
the pressure relationship within the sub- 
arachnoid space. The aggravation of 
symptoms in the presence of an intra- 
spinal tumor, occasionally observed follow- 
ing lumbar puncture and/or myelography, 
will also be avoided. Vertebral venog- 
raphy could, therefore, be employed re- 
peatedly as a screening procedure and even 
in non-hospitalized patients. 

In contrast to the vast experience gained 
with the use of myelography, vertebral 
venography has attracted attention only 
inrecent years. Batson (1940) stimulated 
linical interest in the possible role of the 
vertebral venous plexuses in the spread of 
metastases and infection (10). Anderson 
(1951) was the first to demonstrate the 
vertebral plexus by injection of Diodrast 
ito a femoral vein under simultaneous 
abdominal compression (11). Fischgold et 
al. proved the feasibility of opacification 
of the vertebral plexuses and azygos veins 
by the injection of contrast medium into a 
‘pious process of a lower thoracic verte- 
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bra (53). The diagnostic value of verte- 
bral venography, however, was not studied 
until 1955, when two groups of investi- 
gators (13, 54) reported their experiences 
with venography in the diagnosis of lum- 
bar disk herniations, Hodgkin’s disease, 
and metastatic tumors of the lumbar and 
lower thoracic spine in a small series of 
cases. Vertebral venography, va injec- 
tion into either femoral veins or spinous 
processes, demonstrated in most instances 
obstruction of the internal venous plexus 
at the site of the metastatic lesions. In 
3 cases of lumbar disk protrusions, Helan- 
der and Lindbom noted that the venous 
plexus behind the herniated disk was not 
contrast-filled (54). Lessmann ef al. (13) 
obtained normal intraosseous venograms 
in 4 cases of traumatic vertebral lesions and 
questionable degeneration of the inter- 
vertebral disk. These authors, however, 
did not employ abdominal compression 
as used in our study. Nathan and Blum 
(55), in a recent publication, were rather 
discouraged by the use of vertebral venog- 
raphy via the femoral veins. In 4 cases 
of advanced vertebral metastases, the 
vertebral venous system appeared to be 
unaffected. They likewise doubted the 
value of venography in the diagnosis of 
lumbar disk protrusion, particularly the 
smaller ones, and felt that myelography is 
more certain and more easily applicable 
for the demonstration of this condition. 
Although they admitted that the diagnosis 
of a spinal cord tumor may be possible 
by venography, no advantage was seen 
in comparison with myelography. 

In evaluating the technical aspects and 
the diagnostic potentialities of intraosseous 
venography in our group of 68 patients 
we have found the method of value in a 
variety of conditions involving the lumbar 
and in a few instances the lower thoracic 
spine and their adjacent structures. 
Whether venography will be of consistent 
help in lesions of the upper thoracic and 
cervical spine, only further experience 
will prove. 

The technic of intraosseous venograpyh 
is not difficult, although some technical 
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failures will be encountered, particularly in 
the beginning. Inconsequential spillage 
of contrast medium into the soft tissues 
surrounding the spinous process selected 
for injection may occur. This is particu- 
larly true at the level of Sl or S2 if the 
punctured spinous process is very narrow, 
thus not allowing the proper intramedullar 
placement of the needle. Extravasation of 
contrast medium into the epidural space 
has been observed only twice. In our 
experience, however, no immediate or late 
complications have been noted. The pro- 
cedure is usually well tolerated, although 
some momentary sensation of pronounced 
local pressure may be experienced during 
the injection. Longer lasting pain usually 
denotes extravasation. Many patients 
stated their preference for venography in 
comparison to the discomfort associated 
with myelography. Others, however, pre- 
ferred the latter procedure. 

The interpretation of the venograms 
offers some problems to the uninitiated 
but, after relatively little experience, proper 
identification of the various venous struc- 
tures and their pathological alterations 
becomes possible. It is true that the 
myelographic diagnosis of a lesion such as 
a protrusion of a lumbar disk with its 
focal derangement of the opaque column 
or root sleeves is more obvious and simpler. 
Due to the complexity of the venous 
structures, the recognition of the normal 
and abnormal patterns of the vertebral 
plexuses presents some difficulties, but 
these can be overcome with growing ex- 
perience. 

During the comparative evaluation of 
myelography and vertebral venography 
in the diagnosis of specific lesions, it 
became apparent that the two methods 
have different potentialities in the sense 
that one will not simply replace the other. 
In certain conditions myelography proved 
to be preferable to venography and vice 
versa. In another set of circumstances 
vertebral venography assumed the func- 
tion of a supplementary study, adding 
valuable diagnostic data. Furthermore, 
if myelography is contraindicated or in- 
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advisable, or if the lumbar puncture js 
traumatic or does not yield spinal fig 
as in cases of large cauda equina tumors 
vertebral venography can be substitute) 
without delay. 

In summarizing our experience with 68 
patients with a variety of lesions, we {e¢| 
that in the diagnosis of lumbar disk pro- 
trusions the reliability of vertebral Veniog- 
raphy was of equal range in comparison 
to myelography. Venography can, there. 
fore, replace myelography in most instances, 
Only under conditions where the veno- 
graphic findings do not corroborate the 
clinical diagnosis should there be resort to 
myelography. We found venography par- 
ticularly useful as a screening method in 
doubtful cases and in instances of a first 
attack of low back pain with or without 
radiculitis in which conservative therapy 
appeared advisable. Where the patient 
displays neurotic or even psychotic symp- 
toms, venography can be performed with- 
out hesitation, whereas there may be ob- 
jections to the use of myelography under 
these circumstances. 

In conditions which may simulate the 
lumbar disk syndrome, such as spondylo- 
listhesis (56, 57) or painful spina bifida 
(58, 59), venography was of equal ac- 
curacy compared to myelography, being 
even superior in the case of symptomatic 
spina bifida occulta of the first and second 
sacral segment. It appears reasonable to 
assume that in other entities simulating 
lumbar disk protrusions, like hypertrophic 
osteosclerosis and epidural varicosities, 
venography may be particularly useful. 
Schnitker and Curtzwiler (60) stressed 
the marked engorgement of the epidural 
veins in the former condition; others have 
described the dilatation of the veins in 
“epidural varicosities’’ (61, 62), which may 
produce a myelographic defect charac- 
teristic of disk protrusion (63). 

Although our experience with intradural 
neoplasms is limited, an ependymoma 
of the cauda equina, as well as a glioma 
of the lower cervical spinal cord, were wel 
outlined on the venogram. In 2 instances 
of spinal adhesive arachnoiditis im which 
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the myelogram indicated a total block, the 
normal appearance of the venogram ex- 
duded the presence of a tumor, which had 
to be considered in the differential diag- 


nosis. 
In the group of metastatic lesions of 


the spine, especially in cases of “hidden 
metastases,” venography appeared to be 
superior to myelography. The typical 
venographic pattern of total block was 
present in all proved cases of metastatic 
disease of the spine, even when conven- 
tional roentgenograms, tomograms, or my- 
eograms had failed to establish the diag- 
nosis. The discrepancies of our results 
in spinal metastatic disease as compared 
to the negative finding of Nathan and 
Blum, who employed vertebral venog- 
raphy by femoral injection, can perhaps 
be attributed to the difference in technic. 
In this connection, it is of interest that 
Lessmann and Perese (64), in a recent 
publication which appeared after the com- 
pletion of our study, reached conclusions 
similar to ours in the evaluation of intra- 
osseous vertebral venography. 

Another observation in a case of semi- 
noma with apparent radiation radiculop- 
athy of the cauda equina and/or myelitis 
of the conus medullaris was rather inter- 
esting. The marked fibrosis of the lumbar 
spine and the avascularity of the lumbar 
vertebrae and epidural fat layer “were 
manifested in the vertebral venogram by a 
pattern similar to that encountered in 
metastatic vertebral disease. Repeated 
myelograms had previously shown normal 
findings, and the absence of metastatic 
tumor in vertebral body, arches, and 
intraspinal space was proved by trocar 
biopsy and exploratory lumbar laminec- 
tomy. The latter procedure at the same 
time verified the fibrotic changes and 
rather striking avascularity, both evident 
on histologic examination. The veno- 
gram thus confirmed observations of the 
vascular changes induced by radiation, as 
reported by Hicks (65) and Warren (66). 
On the other hand, extensive irradiation 
of metastatic disease may invalidate the 
results of vertebral venography in the 
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detection of metastatic involvement of the 
vertebral column and spinal canal. 

Although our observations are limited 
in certain categories of lesions, it is our 
present feeling that vertebral venography 
is a diagnostic method of great value 
which in many instances can replace 
myelography. We believe that venog- 
raphy should be employed as the initial 
study in the corroboration of the clinical 
diagnosis. If the findings strongly support 
the clinical impression, myelography can 
be avoided. We have embarked on such 
a program with consistently reliable re- 
sults to date. 


SUMMARY 


1. A comparative study of intraosseous 
epidural venography and myelography in 
68 patients with a variety of lesions 
of the lumbosacral spine (disk protru- 
sion, congenital malformation, adhesive 
arachnoiditis, radiation myelitis and/or 
radiculopathy, primary and metastatic 
tumors) is presented. Venography was 
performed in all and myelography in 51 
patients, with surgical confirmation of the 
diagnosis in 48 instances. 

2. The anatomic and physiologic as- 
pects necessary for the understanding of 
the venographic technic and diagnosis 
are discussed. The technic of intraosseous 
epidural venography as employed by the 
authors is described. 

3. The literature on myelography and 
vertebral venography is reviewed, with 
particular emphasis on complications and 
diagnostic accuracy. 

4. A statistical comparison of myel- 
ography and venography, supplemented by 
clinical and surgical data, is tabulated. 
The various representative venographic 
patterns are described in detail. 

5. In comparing the two diagnostic 
methods, the conclusion is reached that 
venography can replace myelography in 
most instances. 

6. Vertebral venography should be 
employed as the initial contrast study 
whenever possible. Myelography can al- 
ways be resorted to, if necessary. 
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ADDENDUM 


Since submission of this communication, 40 addi- 
tional patients, including several with metastatic 
neoplasms of the dorsal spine, have been evaluated 
with intraosseous vertebral venography. The col- 
lected observations have consistently lent further 
support to the conclusions expressed above, par- 
ticularly with reference to the superiority of venog- 
raphy in the diagnosis of vertebral metastases and 
disk protrusions of the L5-SI interspace. It became 
evident that venography was reliable in detecting 
both the location and the extent of metastatic 
lesions of the thoracic spine. 


VA Hospital 
Bronx 68, N. Y. 
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SUMMARIO IN INTERLINGUA 


Comparation de Intraossee Venographia Vertebral con Myelographia a Pantopaque in le 
Diagnose de Morbos Chirurgic del Spina Lumbar e del Radices Nerval 


_ Es presentate un studio comparative de 
itradssee venographia epidural con myelo- 
sraphia, effectuate in 68 patientes con un 
vanietate de lesiones del spina lumbosacral 
~Protrusion de disco, malformation con- 
genite (incluse spondylolisthesis e dolorose 
Spina bifide occulte), arachnoiditis ad- 
hesive, myelitis de radiation e/o radiculo- 
pathia, e primari o metastatic tumor. 
Venograpbia esseva executate in omnes, 
myelographia in 51, con confirmation 


chirurgic in 48. Representative e com- 
parative myelogrammas e venogrammas es 
reproducite. Le constatationes, insimul 
con datos clinic e chirurgic, es tabulate. 
Un processo spinose—preferibilemente 
de un vertebra de sito in direction caudal 
ab illo del suspicite anormalitate—es iden- 
tificate in un pellicula exploratori, e un 
agulia de medulla ossee es introducite sub 
anesthesia local. Sanguine peripheric con- 
tinente particulas de medulla ossee debe 
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esser aspirate liberemente ante que le 
substantia de contrasto es inyicite. Post 
que il ha essite verificate que le placiamento 
del agulia es correcte, 2 0 3 cm* de procaina 
es introducite intra le cavitate del medulla, 
sequite (al media) per 25 cm* de Hypaque 
de 50 pro cento. Un sol pellicula ex- 
ponite durante le injection del ultime 2 0 3 
cm*® va tornir le desirate information. 
Compression abdominal es empleate rou- 
tinarimente durante le integre manovra, 
como in urographia. A generalmente par- 
lar, un projection postero-anterior es le plus 
informative, sed expositiones lateral e 
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oblique pote esser obtenite pro objectiy,; 
de supplementation. 

Sub conditiones normal, le substanti; 
de contrasto escappa promptemente ab | 
cavitate medullari del injicite osso ad in 
externe e interne plexos venose. 

Es concludite que venographia vertebra) 
es un methodo diagnostic de grande yalo; 
que es capace a reimplaciar myelographia 
in multe casos. Illo deberea esser empl. 
ate como studio initial in le corroboration 
del diagnose clinic. Si su resultato sup 
porta fortemente le impression clinic. 
myelographia pote esser evitate. 
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Angiographic Investigation of Cerebrovascular Insufficiency’ 
HILLIER L. BAKER, JR., M.D. 


y THE past decade, an increased interest 
Tia the problems of occlusive vascular 
disease of the brain has led to important 
advances in knowledge of the basic anat- 
omy and physiology of the cerebral cir- 
ulation, as well as to more precise methods 
ior the diagnosis and treatment of its dis- 
orders. All aspects are interrelated, as 
has been recently pointed out by Wells (1), 
sho says: “The factors affecting circula- 
tion in health and disease are multiple, as- 
wming a complexity consonant with that 
of the organ affected. The clinical signif- 
cance of this is apparent—no longer can 
one accept clinical evidence of a neurologic 
deficit which appears to arise within a 
precise area of the brain as evidence of ob- 
struction of the end artery supplying that 
region. Only by consideration of the 
multiple factors which might conceivably 
be involved—possible variations in the 
circle of Willis, diseases of the vessels of 
the neck, effects of various positions, state 
of the systemic circulation, variations in 
the blood itself, as well as many other 
factors—can a rational mode of therapy 
and a comprehension of the dynamics of 
the observed disorders evolve.” 

The investigations of Hultquist (2), 
Fisher (3, 4), Samuel (5), Adams (6), and 
Hutchinson and Yates (7, 8) drew atten- 
tion to the important part played in the 
production of cerebrovascular  insuffi- 
ciency and ‘‘strokes’”’ by stenosing and 
occluding lesions of the arteries of the neck 
that carry the major cerebral circulation. 
As a sequel to these studies and because 
the vessels are easily accessible, reconstruc- 
live operations for such lesions have been 
accomplished in numerous patients with 
cerebrovascular disease, leading to satis- 
lactory relief of symptoms in many. Among 
those extensively employing this method 
have been Rob and Wheeler (9), Bahnson 
tal. (10), De Bakey et al. (11-13), Gurd- 


jian et al. (14, 15), Keirns and White- 
leather (16), Murphey and Miller (17), 
and Javid (18). 

At the Mayo Clinic we have also been 
interested in the operative treatment of 
this condition and for the past two years 
have attempted an intensive neurologic, 
radiologic, and surgical evalution of pa- 
tients whose clinical signs and symptoms 
were believed to have resulted from 
cerebrovascular insufficiency. It was 
generally agreed that angiographic inves- 
tigation should be undertaken prior to 
operation to determine the presence, num- 
ber, location, and severity of stenosing and 
occluding lesions in the carotid and verte- 
brobasilar arterial systems. This enabled 
the neurologist to check his diagnostic 
acumen and the surgeon to plan his opera- 
tive procedure or procedures intelligently, 
prior to their execution. The following is 
a résumé of our angiographic experiences 
in these two years. 


DIAGNOSTIC CONSIDERATIONS 


All patients included in this study were 
carefully screened and were thought to 
have had vascular disease involving the 
brain. On the basis of clinical appearance, 
they were divided into three main cate- 
gories; namely, those with: (a) incipient 
stroke—brief, intermittent focal cerebral 
symptoms, with normal intervals between 
attacks; (b) progressing stroke—focal cere- 
bral symptonis, seen to progress over a 
period of hours or a few days; (c) com- 
pleted stroke—focal cerebral infarction the 
symptoms of which were not progressing, 
although improvement usually occurred 
without treatment. 

Of 96 patients, 61 were deemed to have 
incipient strokes and 35 to have completed 
strokes. There were no progressing strokes, 
probably because most of our patients are 
ambulatory. Seventy-two were men and 


1 
rene the Section of Roentgenology, Mayo Clinic and Mayo Foundation, Rochester, Minn. Presented at the 
y-sixth Annual Meeting of the Radiological Society of North America, Cincinnati, Ohio, Dec. 4-9, 1960. 
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Fig. 1. a. Anteroposterior view of upper mediastinum and neck. Stenosis at origin of vertebral artery is 
evident. Changes at carotid bifurcation are questionable. 6. Lateral view to show carotid bifurcation and 
intracranial vessels. Note ease with which changes at bifurcation can be observed. 


24 were women, and most were in the fifth 
to seventh decades of life. Some clinical 
signs helpful in making the diagnosis of 
vascular disease, aside from an observed 
neurologic deficit, were bruits heard over 
the vessels in the upper mediastinum and 
neck, decreased pressure in the retinal 
artery of one or both eyes, and similar 
decreases of blood pressure in the arms. 
Observation of these signs did not pre- 
clude the need for angiography, however, 
as in their presence multiple lesions were 
often demonstrated. 


ANGIOGRAPHIC CONSIDERATIONS 

Many technics have been employed for 
the introduction of contrast medium into 
the arteries in the neck that supply blood 
to the brain, including direct injection 
into the carotid, vertebral, or subclavian 
artery; retrograde injection into the bra- 
chial artery; intra-arterial catheterization; 
direct aortic puncture; and venous angio- 
‘ardiography. We have utilized all of 
these methods and have found that we 
can produce roentgenograms of excellent 
diagnostic quality more consistently by 
direct injection into the carotid and sub- 
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clavian arteries than by other means. Less 
medium is necessary, a minimum of com- 
plicated apparatus is required, and the 
examination can be accomplished with 
dispatch. 

Ideally, all four arteries supplying blood 
to the brain should be depicted, but in 
practice complete angiography was ac- 
complished in only 13 of our {6 cases. 
Bilateral subclavian injections show the 
left and right vertebral and the right 
carotid circulations. On the left it is 
necessary to make a separate injection 
into the common carotid artery. We 
often dispense with the left subclavian in- 
jection if the right vertebral artery is of 
adequate size and free of disease. We be- 
lieve that in such a situation any lesion of 
the left vertebral artery is of questionable 
clinical significance and we are satisfied 
with visualization of three arteries. This 
was considered sufficient in 27 of our cases. 
In the remaining 56, the examination was 
terminated after the demonstration of 
severe stenosing or occluding lesions ™ 
one or two vessels. One hundred and 
fifty-four angiographic examinations of the 
96 patients were made. 
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Roentgenograms are always obtained in 
poth the anteroposterior and lateral pro- 
iections. The anteroposterior view is for 
‘valuation of the vessels in the upper 
mediastinum (Fig. 1, a), but we have found 
it difficult to assess changes at the carotid 
tifureation in this projection even when 
the head is turned far to the side. The 


lateral view (Fig. 1, b) displays the carotid 


Occlusive 


Right 


64 intracranial 
3 occlusions 
2 middle cerebral 


1 basilar 
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PATHOLOGIC FINDINGS 


Because of the rigid clinical selection, 
we were able to demonstrate abnormal 
changes in almost 80 per cent of our cases. 

Thirty-four patients had arterial occlu- 
sions. In 4 the occlusions were multiple, 
involving both internal carotid arteries 
in 2, the left internal carotid and subclavian 
arteries in 1, and both subclavian arteries 


Lesions 
Left 


55 intracranial 
2 occlusions 
1 middle cerebral 
1 siphon 


73 internal carotid 
8 occlusions 


74 common carotid 
1 occlusion 


56 vertebral 
O occlusions 


55 subclavian - 
1 occlusion 


Fig. 2. 


70 internal carotid 
19 occlusions 


71 common carotid 
1 occlusion 


15 vertebral 
O occlusions 


19 subclavian 
3 occlusions 


Incidence and distribution of vascular occlusions observed in 154 


angiograms. 


bifurcation to best advantage, and, what 
is more important, the head is positioned 
i such a way that the intracranial struc- 
tures may be visualized. In 16 of our 
patients the only abnormal changes found 
were inside the head, including a tumor and 
‘everal aneurysms in addition to vascular 
stenoses and occlusions. Five other pa- 
uents had major intracranial lesions in ad- 
dition to vascular changes in the neck. To 
omit this portion of the examination, then, 
San injustice to patients with presumed 
cerebrovascular disease. 


in 1. The last-mentioned patient also had 
severe stenosis of both internal carotid 
arteries and the right common carotid 
artery. Six patients with occlusion of 
one internal carotid had, in addition, sig- 
nificant stenotic lesions in other locations, 
and one with an occluded left subclavian 
artery also had extensive other disease. 
Atherosclerotic narrowing of the vessels 
was shown in 38cases. In of these, opera- 
tive treatment was not possible because 
the observed changes were limited to the 
small intracranial vessels. In half of the 
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remaining patients multiple significant le- arteriography in 68 cases of “stroke,” anj 
sions could be demonstrated. The most 20.6 per cent of the patients had an in. 
common site of difficulty was the origin crease in hemiplegia or a decrease in the 
of the internal carotid artery. Figures 2 level of consciousness or died. Silverstein 
and 3 depict the types and sites of the le- (20) had similar unfavorable results in 83 
sions observed. per cent of his patients. Both employed 
primarily puncture of the carotid artery 

Others (21, 22) with different technics han 
Cerebral arteriography entails the risk had less difficulty. It would seem, there. 
of producing neurologic deficit or, rarely, fore, that the incidence of complications 


COMPLICATIONS 


Stenotic and Other Lesions 


Right Left 


64 intracranial 55 intracranial 


9 stenosis 9 stenosis 
1 middle cerebral — 1 middle cerebral 
4 siphon 6 siphon 
4 basilar 2 basilar 

2 aneurysms 1 meningioma 
middle and 


1 A-V anomaly 
1 aneurysm 
siphon 


anterior cerebro! 


73 internal carotid 
22 stenosis 
1 tortuosity 


70 internal carotid 
21 stenosis 

1 tortuosity 

1 aneurysm 


74 common carotid 
3 stenosis 


71. common carotid 
2 stenosis 


56 vertebral 
9 stenosis 


15 vertebral 
2 stenosis 


55 subclavian 
3 stenosis 


19 subclavian 
O stenosis 


Fig. 3. Incidence and distribution of vascular stenotic lesions observed in 154 
angiograms. 


death. It is difficult to ascertain how of- depends upon the mode of examination as 
ten untoward neurologic symptoms are well as on the state of the artery receiving 
precipitated by arteriography in patients the injection and possibly on the contrast 
with cerebrovascular disease. Many re- medium employed. oe 
ports have been published concerning the Complications were observed in 1s 
safety of the procedure, but most series (13.5 per cent) of our 96 patients. Pnet- 
contain many patients with lesions of other mothorax resulted from an unsuccessful 
types, which makes application of the con- subclavian puncture in 1 case, and death 
clusions somewhat hazardous in the group due to cardiac failure occurred in another 
of cases under consideration here. two weeks after examination. The remait 

McDowell and associates (19) performed _ ing 11 complications consisted in the appear 
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Fig. 4. a. Right carotid angiogram. Anteroposterior view reveals some filling of the intracranial vessels. 
Lateral view made three minutes later. The internal carotid artery is occluded at its origin. Note that 
needle tip is at point of occlusion, 
ance of a neurologic deficit or worsening to the arterial wall should be avoided was 
of one already present. The changes were presented in 2 of our early cases in which 
persistent in 5 cases and temporary in 6. the internal carotid artery became occluded 
In all of these latter patients the neuro- during the period between the first and 
logic status improved to the pre-arterio- second injections. Figure 4 demonstrates 
graphic level in one to three days. the close proximity of the needle tip to 
All neurologic complications were as- the origin of the internal carotid artery. 
ciated with injection into the carotid Immediate surgical exploration in 1 case 
artery. As might be anticipated, the revealed severe atheromatous disease in 
stenosis was moderate to severe in 3 of the region. Removal of a fresh thrombus 
these cases, and minimal in only 1. In _ from the vessel did not benefit the patient. 
} patients complications occurred unex- The final neurologic complication (pri- 
pectedly when medium was injected into a marily aphasia) was observed in a patient 
completely occluded internal carotid artery. witha parasagittal meningioma. Removal 
These latter occurrences would seem to of the tumor led to marked relief of symp- 
exclude embolus and the toxic effects of toms. 
O11 as high concentrations of contrast medium 
Iving as the cause of the difficulties. It is pos- SURGECAS, RESTS 
trast “ible that trauma to the wall of the ca- Thirty-six patients were deemed suitable 
P rotid artery in the neck, incident to pune- candidates for surgical treatment after 
: . ture, could cause reflex narrowing of the analysis of the history, neurologic status, 
eu mtracranial vessels and result in diminu- type and location of the arterial lesions, 
ssful tion of cerebral blood flow in an already and other factors. Table I gives the results 
eath compromised vascular bed. This in turn that were obtained. It is evident that 
ther could produce cerebral infarction in cer- operation was most beneficial in the group 
se ‘ain cases. with incipient stroke. Sixty per cent of 


Dramatic evidence that excess trauma 


these patients were relieved of their symp- 
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TABLE I: SURGICAL RESULTS IN 36 PATIENTS 


HILuieErR L. BAKER, JR. 


Incipient Stroke Completed Stroke 


Result Patients Result Patients 
Flow Flow 
unchanged 3 unchanged + 
Flow restored 22. ~Flow restored 7 
Relieved 15 Improved 1 
Recurred 5 Unchanged 5 
Deaths 2 Worse 1 
= 
TOTAL 25 | 11 


toms. In the presence of a completed 
stroke, only occasional benefit can be ex- 
pected. 


SUMMARY 


Ninety-six carefully selected patients 
with clinically diagnosed cerebrovascular 
disease were subjected to 154 angiographic 
examinations in an attempt to determine 
the causes of the symptoms. In most 
cases percutaneous injections into the 
carotid and subclavian arteries were 
utilized for the examination. All four of 
the major vessels supplying blood to the 
brain were visualized in 13 cases, three of 
the vessels in 27 cases, and one or two ves- 
sels in the remainder. 

Abnormal findings were demonstrated 
in 80 per cent of the cases, including ar- 
terial occlusion in 34 and atherosclerotic 
stenosis in 38. Complications occurred in 
13 cases and included 1 death, 1 pneumo- 
thorax, and 11 instances of cerebral dam- 
age producing neurologic deficit. 

Surgical therapy seems to be of some 
value in patients with incipient strokes but 
is of questionable efficacy in those with 
completed strokes. 

Mayo Clinic 
Rochester, Minn. 
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ANGIOGRAPHIC INVESTIGATION OF CEREBROVASCULAR INSUFFICIENCY 


SUMMARIO IN INTERLINGUA 
Investigation Angiographic de Insufficientia Cerebrovascular 


Novanta-sex cautemente seligite pati- 
entes con clinicamente diagnosticate morbo 
wrebrovascular esseva subjicite a 154 
eamines angiographic con le objectivo de 
determinar le causa del symptomas. In 
le majoritate del casos, injectiones per- 
cutanee ad in le arterias carotic e subcla- 
vian esseva utilisate in le examine. Le 
complete gruppo del quatro major vasos 
alimentante le cerebro esseva visualisate 
in 13 casos, tres del quatro in 27 casos, e 
uno duo in le alteres. 


Constatationes anormal esseva facite in 
80 pro cento del casos. Occlusion arterial 
esseva demonstrate in 34 casos e stenosis 
atherosclerotic in 38. Complicationes 
occurreva in 13 casos, incluse 1 morte, 1 
pneumothorace, e 11 occurrentias de 
damno cerebral con resultante deficit neu- 
rologic. 

Il pare que therapia chirurgic es de valor 
in patientes con incipientia de attacco 
apoplectic, sed illo es de dubitose efficacia in 
patientes con apoplexia completate. 
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Antegrade Aortography and Arteriography 
Further Experience With the Method 


Its Place in Arterial Opacification Technics! 


OENTGENOGRAPHIC visualization of the 
R left circulation, primarily the aorta 
and its branches, following injection of 
opaque medium into the right circulation, 
has been described by Greenspan et al, (5), 
Steinberg et al. (11), Sutton et al. (12), 
and, in a previous paper, by the Walter 
Reed Hospital group (14). 

The purpose of the present report is 
twofold: first to add to the recorded ex- 
perience with the various methods of 
antegrade aortography; second, to attempt 
to assess the value of the procedure in 
various clinical situations. The venous 
and right atrial approaches were originally 
attempted to avoid the difficulties and 
complications of arterial invasion. We 
have asked ourselves three questions. 
Is antegrade aortography safer and easier 
than retrograde methods? What are the 
indications for this procedure? Under 
what circumstances would retrograde aor- 
tography or selective arteriography be 
preferable? 


METHOD AND MATERIALS 


Experience with translumbar and retro- 
grade aortography led to our first efforts 
with aortography via the right circulation 
in November 1959. A disappointing num- 
ber of attempts with intravenous injection, 
both unilateral and bilateral, had ended 
with large portions of the bolus trapped in 
axillary and subclavian veins. We turned, 
therefore, to catheterization of the right 
atrium in the manner usual for selective 
angiocardiography as the means of in- 
jection, on the premise that the opaque 
bolus delivered there would be least sub- 
ject to dilution. As of August 1960, 


LIEUT.-COL. LONGSTREET C. HAMILTON, MC, USA, and CAPT. WILLIAM V. WELDON, MC, USA 


TaBLE I: DECHOLIN CIRCULATION Tryp 
ATRIUM-TO-TONGUE) ; 
= Time in No. of 
Seconds Patients 
6 2 
7 
8 17} 
21} 
10 19 89% 
11 17| 
12 15) 
13 4 
14 3 
18 1 
TOTAL 100 


125 aortographic examinations for various 
problems had been attempted by this 
method. We have had a high rate of 
diagnostic success, with no complications 
of any consequence. 

Our procedure is similar to those pre- 
viously described. The median _basilic 
vein is entered with an N.I.H. catheter 
which is passed into the right atrium under 
fluoroscopy. No anesthesia, other than 
local for the venous cut-down, is required. 
Circulation time from atrium to tongue is 
determined with Decholin and from atrium 
to popliteal artery with material labeled 
with radioactive iodine. For the latter 
purpose I'*'-labeled Diodrast and, later, 
Hipputope were used, with a scintillation 
counter and Esterline-Angus recorder. The 
circulation times are employed as a basis 
for timing both serial films of the area ol 
primary interest (abdominal aorta and 
branches, or aortic arch and _ branches) 
and a single film, made with portable 
machine, of the other aspect of the aorta 
or of the femoral and popliteal arteries. 
Filming in the area of primary interest, 
with the Schénander apparatus, is begun 


! From the Radiology Service, Walter Reed General Hospital, Walter Reed Army Medical Center, Washington 


Presented in abridged form under the title ‘Forward Aortography” at the Forty-sixth Annual Meeting 


of the Radiological Society of North America, Cincinnati, Ohio, Dec. 4-9, 1960. here is n0 
This material has been reviewed by the Office of the Surgeon General, Department of the Army, and ther 


objection to its presentation and/or publication. 


This review does not 
advanced or any recommendation of such products as may be named. 
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imply any endorsement of the opinion: 
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spout five seconds prior to the time indi- 
cated by the Decholin test and continued 
at the rate of one film every 1.33 seconds 
or 20 seconds. A plain abdominal film 
smade ten minutes later, unless the patient 
nas already had a pyelographic examina- 
tion. 

Alternate loading of the Schonander 
aagazines for frontal and lateral projec- 
jons eliminates the problem of scatter- 
jogging in the opposite plane. With our 
equipment the lateral view of the abdomen 
has been successful only in smaller adults 
and children. We have occasionally lim- 
ited lateral exposures to three or four films 
at a time calculated to show maximum 
density of the vessels. Good quality 
biplane visualization is in our opinion 
necessary for the highest accuracy, and 
we have not yet been satisfied with lateral 
projections for larger patients. Difficulty 
in this respect has also been recorded by 
jdman (10), with apparatus capable of 
400 ma at 150 kv, which considerably 
exceeds our permissible factors. 

Continuous electrocardiographic moni- 
toring is done on every patient. By use of 
the Sanborn +-channel Polyviso recorder, a 
record was made of the beginning and 
duration of injection, the time and dura- 
tion of each frontal and lateral roentgen 
exposure, and one lead of the electrocardio- 
gam. This record, except for the electro- 
cardiogram, is probably not necessary to 
the success of the procedure, but it allowed 
us to assess injection times with catheters 
of various sizes and to correlate time of 
appearance of the opaque medium at 
various sites with the previously deter- 
mined circulation time. It also afforded 
an indicator of the effect on cardiac action 
during and after high-pressure injection 
into the atrium. 

The opaque medium employed was 0 
per cent Hypaque in doses of 1.2 c.c./kg. 
of body weight. The Gidlund automatic 
pressure injector was used, with the pres- 
sure mvariably at 10 kg./em. Because of 
our previous experience with both rupture 
of the catheter and failure of the Luer-Lok 
mechanism of the Gidlund syringe, special 
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TABLE II: INDICATIONS FOR PERFORMANCE OF ANTE- 
GRADE AORTOGRAPHY 
CASES 
Evaluation of renal vasculature for hypertension... . .38 
Occlusive disease of abdominal aorta and _ its 
Aortic arch syndromes ............. Tse 32 
Atherosclerosis, thrombosis, arteritis. . . 2a 
Coarctation, anomalies, vascular ring. ie 
Acute aortic arch lesions... . 2 


Marfan’s syndrome with recent dissection... 1 
Traumatic aortic aneurysm... 1 
Evaluation of masses.............. . 9 
Aneurysm and other mediastinal and 
abdominal masses. . . 
Renal mass lesions. . . 
Postoperative graft assessment... . . 
CASES..... 125 


wn 


measures were taken to avoid these acci- 
dents. A stainless steel collar fitting over 
the tubing of the catheter and abutting on 
the metal hub was threaded to screw 
tightly onto the outer collar of the Luer- 
Lok connection. In addition, the cathe- 
ter was taped to the steel collar. With 
these precautions we have had successful 
injections even when the catheter base 
separated from its metal hub during the 
high-pressure injection. 

The films and work sheets (record of 
technical factors) together with clinical 
charts of 125 patients studied by aortog- 
raphy were reviewed. The cases were 
tabulated according to the indication for 
the procedure (Table II). All of the films 


TABLE III: ANTEGRADE AORTOGRAPHY RESULTS: 
REASONS FOR UNSATISFACTORY EXAMINATION 
Cases 
Insufficient opacification 5 
Catheter too small (slow injection). ead 
Cause not recorded... . l 
Supraventricular tachyeardia with change 
in circulation time and noncompact 
l 
Reflux into hepatic veins and IVC eee 


Mechanical failure or catheter rupture ae 2 


of each study were re-examined and a 
purposefully retrospective opinion was 
recorded as to whether aortography served 
an essential role in the conduct of the case, 
which areas needed improved visualization, 
and reasons for unsatisfactory results 
(Table 111). With the beginning of in- 


jection taken as zero, opacification times 
were recorded, including the time both of 
first visualization and optimal opacifica- 
tion of the aortic arch and the common 
sarotids, 


subclavians, upper abdominal 


0 
3 
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TABLE IV: OPACIFICATION TIMES FROM RIGHT ATRIUM; VARIANCE FROM DECHOLIN CiRcULATION Toe 


LONGSTREET C. HAMILTON AND WILLIAM V. WELDON 


September 


Range of 
Actual Variance from Decholin Circulati i 
Opacification 
Time (Sec. ) None +2 sec. 2 Sec 
(Sec. from 0*) ‘“ 
Aortic arch and common carotid arteries 6-15 —5to +5 25% 88% 125, 
Subclavian arteries 8-16 ~5to +5 23% 72% 2807 
Abdominal aorta and renal arteries 8-18 —5to +7 18% 65% 35° 
Nephrogramf 7-17 —3to +5 22% 79% 31%, 
Bifurcation aorta 8-22 —4 to +10 18% 52% 480, 


* Zero seconds is the beginning of injection. 
+ Time given here is earliest appearance. 
after first appearance) is given. 


TABLE V: AUXILIARY SINGLE FILMS 


No. of 
Attempts Success Failure 
Aortic arch and neck* 40 28(70%) 12 
Abdominal aortat 18 12(66%) 6 


Femorals and poplitealst 29 16(55%) 13 


* Taken at Decholin circulation time. 

+ Taken one or two seconds after Decholin circulation 
time. 

t Taken at I!*' circulation time. 


TABLE VI: Maximum Doses 90 PER Cent Hypague* 
(Double Injections at the Same Examination) 


Body 
sag Reason for Double Injection Wt. Dose 
NO. (Ib.) (c.c.) 
13 Timing failure due to supra- 114 124 
ventricular tachycardia 
25 Mechanical failure 169 184 
26 ~=— Repositioning for additional 155 164 
information 
47 Repositioning for additional 150 160 
information 
107 ~—Repositioning for additional 125 136 
information 
109 ~=Repositioning for additional 163 178 
information 
121 Repositioning for additional 140 152 
information 
* Standard dose 1.2 ¢.c./kg. body weight. Maxi- 


mum dose per single injection 100 c.c. 
It is worth noting that, of these cases, only 1 is 
represented among the complications. 


aorta and renal arteries, bifurcation of the 
aorta, and some veins, as well as the 
nephrogram, the hepatogram, and _ the 
splenogram. Some of the figures were 
correlated with the Decholin circulation 
time (see Table IV and under the sub- 
head ‘‘Results’’). The efficiency in ob- 
taining useful or diagnostic single films in 
the area of secondary interest was assessed 
(Table V). Data were collected on 
amounts of opaque medium injected, the 
catheter size, and the rate of injection 
and were correlated with the quality of 


In other four areas, time of optimal opacification (one to three seconds 


opacification (Tables VI and VII). There 
were no major complications; the minor 
complications are compiled in Table VIII. 
Note was made of symmetry or asyn- 
metry in the size of the carotid, subclavian, 
and vertebral arteries, and of the number of 
accessory renal arteries seen. 


RESULTS 


Successful opacification of the aorta 
and its branches was obtained in 1IS 
cases (94.4 per cent). Unilateral renal 
disease or anomaly was discovered in 1() 
of the 38 patients investigated because of 
hypertension. Included were  arterio- 
venous malformation, possible infarction, 
aneurysm of the renal artery, and partial 
obstruction of the renal artery by arterio- 
sclerotic plaque and stricture. In the 
remaining 28 cases the findings were 
normal. In the other categories the pre- 
examination diagnosis was confirmed or 
refined, and pertinent anatomic data were 
obtained, except for 9 cases evaluated for 
carotid or basilar insufficiency. In these 
the examination was negative. 

Fifteen cases deserve special comment. 
In all of these, after the clinical data were 
weighed and the film findings were dis 
cussed, a diagnosis was reached, and a 
repeat examination was not considered 
necessary. The x-ray images were sub- 
ject to discussion, however, in five groups. 

The first group consisted of problems of 
carotid or basilar insufficiency, and the ex- 
amination was aimed mainly at the arch of 
the aorta, the common carotids, and the ver- 
tebral arteries, but the bifurcation of the 
common carotid is also a surgically impor 
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TABLE VII: INJECTION RATE* 


c.c. /sec. 


Bolus (Opacification ) Quality 


Catheter 
(N.LH.) Size Range Average Unsatisfactory Fair Good Excellent 
No.9 37-55 : 
29-46 33 11 


2 


37 cases. 


tantarea. Because of the variable plane of 
this bifurcation, visualization was not 
unequivocally diagnostic in 4 of these 
cases. This was due not only to position- 
ing difficulties involved in the attempt to see 
both bifurcations at once, but also to the 
quality of the bolus of opaque material. 
We believe that intra-atrial injection pro- 
vides the optimal bolus of any antegrade 
technic, but none of the methods can equal 
the detail afforded by the almost complete 
displacement of blood by opaque medium 
in the vessel lumen, as in selective arteri- 
ography. The antegrade aortogram, how- 
ever, has the advantages that a survey of 
both carotids and vertebrals can be ob- 
tained, and that puncture of arterio- 
sclerotic vessels can be avoided. We have 
recently visualized the vertebrals, basilar 
artery, and both carotids from arch to 
siphon with a single injection. This has 
led us to hope that further experience with 
positioning the head and neck and with 
technical factors will give results more 
comparable to selective arteriography in 
this area. 

In 3 cases in which defects in the renal 
vasculature as a cause of hypertension 
were sought, no defects were seen, and 
there was no delay in the filling of the 
renal arteries, or in the appearance of the 
nephrogram. In these 3 instances, how- 
ever, the roots of the renal arteries were so 
situated that their shadows could not be 
separated from that of the aorta. This is 
not peculiar to antegrade aortography, 
being a problem in retrograde studies also. 
Probably small multiple local injections 
with various projections other than the 
anteroposterior and lateral would solve the 
problem. 

Two cases of renal mass are included in 


* With Gidlund injector at 10 kg./em.? Catheter size, volume of dose, and time of injection were recorded in 


TABLE VIII: COMPLICATIONS 


Cardiac arrhythmias* (supraventricular tachycardia 
of short duration following injection)............ 2 


Morbilliform skin rash............ 1 
Extravasation of opaque mediumt................ 6 


* Most of the cases showed one or two premature 
beats on the electrocardiogram during the one-to-three- 
second period of injection only. 

7 Noted as small area of opacification persisting 
after intraluminal medium had disappeared. None of 
the patients had any symptoms or signs. Chest films 
revealed prompt absorption with no evidence of bleeding 
or hematoma formation. 

t Statement available for 85 cases only. Records 
available on the other 40 patients make no mention 
of this complication. Both cases responded to treat- 
ment in two or three days. 


the 15 cases. The differentiation of cyst 
from neoplasm is not absolute, even with 
the best of selective arterial opacification. 
Edsman’s (4) large experience with renal 
angiography indicated that there is con- 
siderable value in a sharply defined bolus, 
with which arterial and capillary phases of 
the nephrogram can be evaluated. The 
bolus with antegrade aortography is neces- 
sarily unsharp, so that these 2 cases are: 
considered with the problem groups, even 
though the roentgen diagnosis of cyst was. 
surgically proved in one and clinically 
proved in the other by absence of change 
over a years follow-up. 

In 2 cases films of satisfactory quality 
failed to disclose a reason for pulse deficit 
in the right subclavian (diminished) blood 
pressure; pulse present but slightly weaker 
than on opposite side. In one of these, 
a case of Marfan’s syndrome with recent 
symptoms of dissection, dilatation of the 
aorta was visualized and the extent of dis- 
section correctly assessed. In the other, 


arteriosclerotic plaques were diagnosed in 
the vertebral root. 
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Fig. 2. 


strate the partial subclavian obstruction 
may be due to positioning. The antero- 
posterior projection in this area is, overall, 
the most rewarding, and we did not believe 
that second injections with oblique posi- 
tioning were justified in these prob- 
lems. Even though biplane films are 
made with the initial injection, the lateral 
projection shows only the neck and aortic 
arch areas well. The inclusion of these 2 
cases in the equivocal category is perhaps 
unfair to the method; retrograde aortog- 
raphy might show the same deficiency, 
but a sharp bolus of opaque medium im- 
proves accuracy. 

Finally, 4 cases are included mainly as 
uproved with positive findings. In 2 
a unilateral delay in the appearance of the 
nephrogram was shown, and in 2, a dif- 
ference in density in the nephrograms. 
Definite partial occlusion (filling defect) 
of the renal artery could not be detected in 
any of these cases. Two of the patients 
have not yet been subjected to surgery 
but probably will be; the other 2 had 
generalized arteriosclerotic disease. Hy- 
pertension was not the most pressing prob- 
lem in these last 2, and they will not be 
operated on for renal-artery investigation. 

On the other side of the ledger, in 9 
cases findings were recorded on the aorto- 
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Esterline-Angus recording made over the popliteal area. 


gram which might be classified as unex- 
pected dividends. Unilateral partial oc- 
clusion of a renal artery was seen in a 
forty-year-old male investigated for ar- 
teriosclerotic claudication of the lower 
extremities. Small aneurysms of the ab- 
dominal aorta were found in 2 cases, and 
an aneurysm of the hypogastric artery in 1. 
The accessory films in 5 patients showed 
arteriosclerotic disease to be more extensive 
than clinically suspected. 

The data in Tables 1V and V indicate 
that with serial filming the Decholin cir- 
culation time could be dispensed with, 
since the entire range of opacification 
times is covered by the procedure. They 
also indicate, however, that its determina- 
tion is worthwhile in so far as the head and 
neck are concerned, since single films taken 
at a time based on the test will succeed in 
about three-fourths of the patients. Fur- 
ther down the aorta and its branches, the 
success rate diminishes. The I'*' method 
seems more accurate in our later experience, 
and it may be that the high failure rate 
with the thigh run-off films should be 
charged to inexperience of the operators 
rather than to inherent defects in the 
method. Another factor in this failure 
rate may be that we have injected the 
Hipputope or Diodrast by band, in a 
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Fig. 3. Antegrade aortogram of a 27-year-old woman 
with “pulseless disease.’’ The clinical course of arteri- 
tis was confirmed by arterial biopsy. Serial films 
showed complete occlusion of both common carotid 
arteries, with some collateral formation, but the bulk of 
the blood to the brain is via the vertebral arteries. A 
previous attempt at retrograde aortography failed to 
give clinically useful information. 


small bolus, rather than with mechanical 
pressure and a bolus equal to the final 
opaque injection. Single films, when timed 
properly to show adequate vascular filling 
with opaque medium, were frequently 
informative and occasionally surprising. 
They were considered as efforts to derive 
the maximum information from the in- 
jection without extra risk or discomfort 
to the patient. Serial films show sequen- 
tial filling of partially blocked vessels, 
differences in nephrogram timing and 
density, collateral circulation, and the 
venous phase of opacification. This valu- 
able and necessary information cannot be 
derived from a single film, no matter how 
accurate the circulation time. The multi- 
ple films in a number of cases helped in 
interpreting difficult anatomy. Reliance 
on a single film would have resulted in 
failure in 25 to 50 per cent of this series 
(Table IV). 

Table VII indicates the effect of injec- 
tion rate on results. The variations in 


cubic centimeter injected per second with 
the same size catheter and pressure are 
possibly explained by differences in the 
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smoothness of the inner wall of the Cathe. 
ter, the relationship of the catheter tip to 
the wall of the atrium, and variations jy 
actual size of the catheter lumen and en4. 
holes. In most of the cases a record wa: 
included of the time and the amount oj 
injection, though not of catheter size 
These were not tabulated. Noteworthy 
instances include one record indicating the 
injection of 83 c.c. in 0.4 second (a rate of 
200 c.c. per second) and another showing 
40 c.c. in 3.9 seconds, with an adequate 
examination in spite of the rate of 1) 
c.c. per second. In general, the figures 
suggest that 30 c.c. per second is the 
minimum rate for an adequate bolus, and 
that the best films are obtained when 
practically the entire atrium is filled within 
one to two seconds. Every effort should 
be made to use a No. 8 or larger catheter. 

The tabulation of complications needs 
little comment. We are prepared at all 
times to cope with serious cardiac arrhyth- 
mia or contrast reaction but fortunately 
we have not been confronted with such 
incidents. In regard to extravasation, 
1 of the 6 cases was that mentioned 
above with an injection rate of 200 cc. 
per second. In another, with two cathe- 
ters in the atrium—one for pressure 
monitoring— the mean atrial pressure rose 
from 7 to 15 mm. Hg during injection 
through a No. 9 catheter of 100 cc. ") 
per cent Hypaque at 10 kg. cm.” pressure. 
In the other 4, injection rates were 32, 
37, 46, and 67 c.c. per second, respec: 
tively. 

A few other aspects deserve brief com- 
ment. A splenogram (diffuse opacifica- 
tion of the spleen with definite outlines) 
was obtained in 17 of 31 cases in which the 
spleen was on the film. It appeared 
from seven to nineteen seconds after m- 
jection, about paralleling the maximum 
opacity of the abdominal aorta and spleme 
artery. The density became maximum 
two or three seconds later and persisted 
essentially unchanged throughout the & 
amination (twenty-three to twenty-eight 
seconds after injection). An hepatogram 
appeared in 11 of these same cases, at 
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Fig. 4. Woman with signs and symptoms of basilar and carotid insufficiency. 
tients in whom extensive multiple artery disease is suspected are particularly suitable 
subjects for antegrade aortography. ° In this projection an attempt was made to show 
all branches of the aortic arch up to their intracerebral aspects, and the basilar artery and 


portions of the intracerebral carotids are included. 


Pa- 


Atherosclerotic disease is demon- 


strated in the original study in the right common and internal carotids and left vertebral 
artery. Technical factors can be improved upon. 


about the time of maximum opacity of the 
spleen, when the portal vein began to re- 
tum opacified blood to the liver, becoming 
optimal about three seconds later, and 
persisting throughout the examination. 

Venous structures were visualized con- 
sistently in the neck and erratically in the 
abdomen. The jugular veins were seen 
three to six seconds after optimum opaci- 
fication of the carotids. Only a single 
jugular was seen in 3 cases (no visualiza- 
tion of the right in 2, nor of the left in 1). 
In 1 of these patients the nonvisualized 
vein was found to be present and patent 
at surgery the following day. Among 48 


cases in which the veins of the abdomen 
were assessed, both renal veins filled in 12, 
and the left only in 11; these veins 
appeared from one to seven seconds after 
maximum opacification of the aorta and 
renal arteries, the average interval being 
five seconds. The splenic vein was seen 
in 9 of 31 cases in which the proper area 
was shown, appearing about four seconds 
after optimal opacification of the aorta. 
The portal vein could be seen in 5 of these 
at about the same time. The ovarian 
vein filled in a retrograde fashion in 2 cases. 
The inferior vena cava was not seen. 
In general, the venous phases appeared 
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Fig. 5. Twenty-seven-year-old man with hypertension. The tiny defect in the left renal artery proved to be 
due to intimal thickening. Patch graft did not change the pressure gradient and nephrectomy was performed. 
Following surgery, the blood pressure was normal. The case shows that antegrade aortography can demonstrate 
tiny defects in properly placed vessels. 

Fig. 6. Twelve-year-old boy with hypertension. Note the delayed nephrogram, due to constriction with post- 
stenotic dilatation in the left renal artery. Blood pressure after surgery was normal. 


Fig. 7. Patient with intermittent claudication in the lower extremities and abdominal pain. The blood pres- 
sure was normal. Film shows atherosclerosis and aneurysmal formation in the aorta. The nonvisualization of 
the right renal artery persisted in spite of no delay in the appearance of the nephrogram. 

Fig. 8. Examination was performed for mass in lower pole of the left kidney. This and later films with well 
developed nephrogram indicate that the mass is a cyst. The patient was thin and the technic was optimal. 
Film illustrates the problems of adequate visualization of the roots of the renal arteries and of arterial detail in the 
nephrogram. (See text.) 
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Fig. 9. Leriche syndrome. 

thrombus in the right common iliac artery. 


eratically and did not add pertinent in- 
jomation in this series except in the 
arteriovenous malformations. They repre- 
sent, however, a potential field of useful- 
ness in the search for evidence of mass 
lesions in the abdomen, spleen, or liver. 
The common carotid arteries were usu- 
ally equal in size unless abnormal. The 
relative size of the vertebral arteries was 
recorded in 44 cases: in 11 they were equal 
in size; in 9, the right was larger than the 
leit; in 19 the left was the larger. In at 
least 2 of the 19, the difference was prob- 
ably due to disease rather than to mere 
asymmetry. In 3 cases no right vertebral 
artery and in 2 no left vertebral artery 
was visualized, the vessel being either 
absent or completely occluded at its origin. 
Vertebral arteries arising from the arch 
did not occur in this series. 
‘The splenic artery was usually well 
visualized and tortuous. The superior 
mesenteric filled regularly but was difficult 
to define clearly because of its frequent 
position directly over the aorta. 
The renal artery was duplicated on one 
‘de in 7 patients (double on the left in 2; 
on the right in 5) and bilaterally in 4 
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Complete occlusion of the left common iliac artery, with visualization of a long 
The thrombus was surgically removed. 

Fig. 10. Extravasation around the superior vena cava in a patient with no symptoms, 
wer the next forty-eight hours revealed no abnormality. 


Follow-up chest films 


instances. These 11 cases were collected 
from 66 records and represent an incidence 
of 16.6 per cent of patients with accessory 
vessels. In Edsman’s series of nearly a 
thousand cases, one-third showed accessory 
renal arteries. 
DISCUSSION 

We believe antegrade aortography is 
safer and easier than arterial injection. 
Odman (10) reported on 61 percutaneous 
arterial catheterizations. Difficulties men- 
tioned were thrombosis and embolism (1 
case each), failure to pass the catheter to 
the desired location due to tortuosity of 
pelvic vessels and aorta, fever in 10 cases, 
and hematoma at the puncture site in 22. 
Dotter (3) indicated that a considerable 
risk to the catheterized artery must be 
accepted, as well as the risk of cerebral 
embolism when the catheter is proximal to 
the carotids. Our experience with retro- 
grade aortography includes arterial throm- 
bosis and a case of transient hemiplegia. 
The procedure is time-consuming, es- 
pecially in closure and clearing the vessel 
of clots. On the other hand, the per- 
cutaneous technic is probably less time-con- 
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suming than venous cut-down. It would 
appear from these reports that direct injec- 
tion of diatrizoate into the aorta near 
renal and other branches is safe. Re- 
ports (1, 2, 9) of complications of trans- 
lumbar aortography suggest that renal 
damage, paralysis, and visceral necrosis 
may be due to toxicity of the medium 
(iodopyracet, sodium acetrizoate) and are 
not necessarily inherent in the method. Re- 
ports by Killen et al. (7), Thomson et al. 
(13), and Hoppe and Archer (6) strengthen 
the conviction that diatrizoate is far less 
toxic. Even if no complications result 
from direct injection of diatrizoate into 
the arteries, however, catheterization from 
the venous side of the circulation will still 
have to be rated as a procedure safer for 
the patient than any of the arterial 
methods. Another factor to be considered 
is the added hazard of arterial invasion in 
the patient with arteriosclerotic plaques 
susceptible to dislodgment and emboli- 
zation, and with tortuous arteries with 
weakened walls susceptible to perforation. 

Antegrade aortography is at present 
indicated for investigation of those ar- 
terial injuries, diseases, and malformations 
affecting the aorta and its major branches. 
We hope that, with improvement of equip- 
ment and positioning, this field can be 
extended to smaller vessels as Steinberg 
et al. (11) have predicted. Some success 
has been realized with carotid bifurcations, 
the basilar artery, the popliteal bifurcation 
and, in a case examined after the 125 here 
tabulated, the brachial artery in an arterio- 
venous malformation. Clinically localized 
disease in the neck is at present better 
studied with selective arteriography. 
Evaluation of the renal arteries in young 
patients with hypertension but no evi- 
dence of generalized atherosclerosis will 
possibly be improved by selective intra- 
arterial injection, and experience should be 
accumulated with the percutaneous method 
in this group. It is possible, however, 
that the risk of arterial thrombosis and 
embolization will be greater than that of 
failure to visualize minute abnormalities. 
Lowman (8) states that the diameter of an 
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artery must be reduced to 70 per cent of 
normal before significant manifestation; 
of blood-flow impairment are noted. The 
quality of opacification with antegrade 
aortography is certainly capable of t 
vealing defects of this magnitude. Ther 
is also the consideration that a goo 
bolus of opaque medium is not invariably 
obtained even with retrograde methods, |; 
is possible that our filming rate is too |. 
surely and that a higher rate during filling of 
the renal arteries and development of the 
nephrographic phase would improve results, 
The obvious areas in which retrograde 
and selective methods are preferable are 
the study of coronary and _ intracranial 
vessels and the aortic valves. Patients 
with disease localized to one vessel, ¢. 
pecially where fine detail may be necessary 
and the more peripheral and smaller 
arteries are involved, are candidates for 
selective intra-arterial opacification. 


CONCLUSIONS 


Antegrade aortography is a safe and easy 
procedure with a wide range of indications, 
especially in the investigation of occlusive 
arteriosclerotic disease, where vessel tor- 
tuosity and plaques increase the hazard oi 
arterial invasion. It is a suitable survey 
procedure for problems of vascular in- 
sufficiency in the head and neck but, 
in respect to detail afforded, cannot equal 
selective arteriography and is not to be 
preferred in clinically localized problems. 
In the investigation of hypertension, ante- 
grade aortography is probably safer but 
perhaps less reliable than retrograde meth- 
ods. A reconsideration of retrograde ap- 
proaches in young hypertensive patients 
without arteriosclerosis is indicated, since 
new and safer opaque media are avail 
able. 

Considerable specialized equipment and 
a trained team are necessary to obtain 
maximum information from the procedure. 
As now performed at Walter Reed General 
Hospital, the procedure has a success 
rate in the aorta and large arteries of 9 
per cent, and in smaller vessels of 50 to 
85 per cent. Efforts to extend its range of 
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ysefulness are justified. Good biplane 
yjsualization, a higher rate of serial filming 
during the phase of arterial filling, and 
better visualization of small vessel ‘“‘run- 
of” areas are obvious avenues for these 


efforts. 


Army Tripler General Hospital 
0. 438, San Francisco, Calif. 
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In un studio de 125 anterograde exa- 
mines aortographic, un alte procentage de 
successo diagnostic esseva effectuate sin 
complicationes de importantia. Le. sub- 
stantia de contrasto usate esseva Hypaque 
de 90 pro cento in doses de 1,2 cm’ per kg de 
peso corporee. 

Successo de opacification del aorta e su 
braneas esseva obtenite in 118 casos (94,4 
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patientes investigate a causa de hyperten- 
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le examine, e pertinente datos anatomic 
esseva obtenite in omne le casos excepte 9 
in que le evalutation esseva concernite con 
isufficientia carotic o basilar e m que le 
constatationes esseva normal. 

Le autores conclude, como resultato de 
lor observationes que aortographia antero- 
grade es indicate currentemente in le in- 
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Aortographia Anterograde: Experientias Additional in le Uso del Methodo; Su Placia Inter 
le Technicas de Opacification Arterial 
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vestigation de injurias, morbos, e mal- 
formationes arterial que affice le aorta e su 
major brancas, specialmente in occlusive 
morbo arteriosclerotic ubi tortuositate del 
vasos e placas augmenta le riscos del in- 
jection arterial. Le methodo es appropri- 
ate pro le investigation de problemas de 
insufficientia vascular in capite e cervice, 
sed illo non es equivalente a arteriographia 
selective con respecto al detalio providite, 
e illo non pote esser reguardate como 
preferibile in casos in que le problema es 
clinicamente localisate.. In le investiga- 
tion de hypertension, aortographia antero- 
grade es probabilemente plus salve, sed 
forsan illo es minus fidel que le methodos 
retrograde. 

In le forma in que le procedimento es 
executate currentemente al Hospital Gen- 
eral Walter Reed, su quota de successos in 
le aorta e le grande arterias es 95 pro cento. 
In le vasos plus micre illo es inter 50 e 85 
pro cento. 
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KF” MANY YEARS the routine antero- 
posterior oblique Chamberlain-Towne 
projection of the skull has been used as 
originally recommended by Towne for 
studies of the petrous pyramid, especially 
for evidence of erosion by acoustic nerve 
tumors (1). In his paper published in 
December 1926, Towne, who was a neu- 
rologist, said: “‘Dr. W. E. Chamberlain 
of the Department of Roentgenology of 
Stanford University Hospital has recently 
succeeded in showing the destruction of 
the petrous bone in a verified case of 
acoustic nerve tumor. Instead of making 
lateral projections of the skull, in which 
the internal and external auditory meati 
of the two sides are identified with dif- 
ficulty, he used a posterior projection in 
which the petrous bones are shown in pro- 
file. The two bones can thus be compared 
on one set of stereoscopic films. With the 
patient on his back, the head is flexed 
at the top of the neck, so that the chin is 
drawn backward. The center of the film 
is placed under the foramen magnum, and 
the central ray is directed at the center 
of the film through the midline of the 
frontal region, at a point about 3 inches 
above the level of the eyebrows.” Figure 
1 shows the conventional projection at 
35° as used by most radiologists and x-ray 
technicians. The central ray is directed 
at the intersection of a perpendicular line 
which extends through the external can, 
thus of the eye and the external auditory 
meatus. 

For a long time radiologists have rec- 
ognized that this view paid several div- 
idends, notably in delineation of the mas- 
toid antra, the semicircular canals, cochlea, 
and mastoid processes of the temporal 
bones. It has also been found to be an 
excellent view for visualization of the 


New Technic for Accurately Projecting the 
Dorsum Sellae into the Foramen Magnum: 
LEWIS E. ETTER, M.D., F.A.C.R. 


Fig. 1. 
berlain-Towne projection at approximately 35° accord- 
ing to the original description of Towne. 


Conventional anteroposterior oblique Cham- 


temporomandibular joints in the sagittal 
plane and for the zygomatic arches. 
Frequently looked for, but seldom found 
in the routine 35°-angle projection have 
been the dorsum sellae and posterior clinoid 
processes if they are projected into the fora- 
men magnum where they can be studied. 
Because of variations in the basal angles 
of different skulls, an exact determination 
of the angle of projection other than 
one of 35° becomes mandatory. In 100 
routine examinations at our institution, 
with the anteroposterior oblique view, the 
dorsum sellae was found to be projected 
exactly into the foramen magnum in only 
about 26 per cent so that it could be studied 
in detail. In order to obviate this dif- 
ficulty, a method of measuring was devised 
in which a lateral view of the skull was 


’ From the Radiological Service, Western Psychiatric Institute, and the Falk Clinic, School of Medicine, 
University of Pittsburgh, Pittsburgh, Penna. Presented at the Forty-sixth Annual Meeting of the Radiological 
Society of North America, Cincinnati, Ohio, Dec. 4-9, 1960. 
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PROJECTION OF DORSUM SELLAE INTO FORAMEN MAGNUM 


A R ORL LATERAL VIEW IS 
MADE WITH THE CML EXACTLY 
TRANSVERSE TO THE LONG AXIS 
OF THE TABLE TO ESTABLISH A 
TRUE BASE LINE. 


2nd 


THE WET FILM IS HUNG 
UP ON THE VIEW BOX 
AND A VERTICAL LINE 
SCRATCHED THROUGH 
THE DORSUM SELLAE. 
A SECOND LINE IS 
SCRATCHED THROUGH 
THE DORSUM SELLAE 
TO THE POSTERIOR 
ONE THIRD OF THE 
SUBOCCIPITAL SPACE. 
THE ANGLE OF PRO- 
se JECTION IS MEASURED 
AT THE INTERSECTION. 


Figs. 2 and 3. Measuring the angle of projection. CML. Canthomeatal line. 


FIPITAL SPAC 


first made, with the canthomeatal line necessary to scratch this perpendicular 
transverse to the long axis of the table line with a sharp knife and then, with a 
(Fig. 2), and then, on the wet film, a plastic ruler, point it to the posterior third 
perpendicular line was dropped through the of the suboccipital space, passing through 
dorsum sellae at right angles to the bottom the posterior arch of the atlas, where 
of the film (Fig. 3). In order to measure another line is scratched on the wet film. 
the angle with a protractor, it is first The predicted angle of projection is then 
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Lewis E. ETTER 


THE PATIENT IS PLACED 
RECUMBENT ON THE 
TABLE AND THE CML 
EXACTLY 
VERTICAL TO TABLE 
"STOP - CR THROUGH 
—=EAM AT PREDETER- 
MINED ANGLE. 


IN SOME PATIENTS IT 
MAY BE NECESSARY 


ITO PLACE A PAD UNDER 
THE OCCIPUT TO GET os 

THE CML PERPENDIC- 6. 
ULAR TO THE PLANE 7 
OF THE TABLE. ant 
Figs. 4 and 5. Measuring the angle of projection. CML. Canthomeatal line. and 
CR. Central ray. EAM. External auditory meatus. The 
top 
read between the perpendicular and di- thomeatal line perpendicular to the long wit 
agonal lines. In this manner, in a large tudinal plane of the examining table s0 at 
percentage of cases, the dorsum sellae will that the geometric situation present at the (Fi 
be accurately projected into the middle of time of exposing the lateral film of the ang 
the foramen magnum as viewed in the skull will be exactly reconstructed (Fig. 4). red 
anteroposterior oblique projection. It is The central ray is directed toward the dor 
necessary, of course, when making the nape of the neck through the external tov 
radiographic exposure to have the can- auditory meatus, which then corresponds Cor 
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Fig.6. Showing correct predicted angle of 25° and displacement of the sella cephalad with a small 
angle, caudad with a larger angle. 


very closely with the suboccipital space 
through which the projection angle was 
determined. In some cases it may be 
necessary to place a pad under the occiput 
m order to get the canthomeatal -line 
perpendicular to the plane of the table 
(Fig. 5). 

An example of measuring these anatomic 
points is shown on the dry skull in Figure 
6. Here, with lead markers in place, are 
shown the dorsum sellae, the basion, and 
the opisthion. The basion marks the 
anterior margin of the foramen magnum, 
and the opisthion the posterior margin. 
The perpendicular line is dropped from the 
top of the dorsum sellae and is parallel 
with the canthomeatal line as determined 
at the time of exposure of the lateral film 
(Fig. 6, A). The predetermined correct 
angleof projection is 25° (Fig.6,B). Ifone 
reduces this angle to 20° (Fig. 6, C), the 
dorsum sellae will be displaced backward 
toward the opisthion and may be entirely 
covered by the occipital bone. If a larger 


angle, 35°, is used (Fig. 6, D), then the 
dorsum sellae will be projected anteriorly 
and be hidden in the cervical vertebrae 


and or beneath the basion. Another ex- 
ample of a predetermined angle in a living 
subject is shown in Figure 7. In this 
skull the correct angle determined is 30°, 
which projects the dorsum sellae directly 
into the mid-portion of the foramen mag- 
num. A 25° angle displaces it cephalad 
over the occipital bone, and a 35° angula- 
tion displaces it caudad, as we have shown 
with the dry skull. 

Still another example is shown in Figure 
8, a lateral view of the skull with a pre- 
dicted angle of only 21° and a basal angle 
of 133°. This is to be compared with 
another skull (Fig. 9) showing a predicted 
angle of 45°, at the upper end of the pro- 
jection spectrum, and a basal angle of 
only 113°. It appears that the predicted 
angle of projection of the dorsum sellae is 
roughly inversely proportional to the basal 
angle, though exceptions occur. In gen- 
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OISPLACED CAUDAD 


DISPLACED cEPHAE 


Fig. 7. Showing correct predicted ang'e of 30° for the dorsum sellae an 
9 


d displacement cephalad at 
25° and caudad at 35°. 


Fig. 8. Showing a very small normal predicted angle 


basal angle. 
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in a skull having a relatively wide 
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PROJECTION OF DORSUM SELLAE INTO FORAMEN MAGNUM 


«f§ 


Fig. 9. Showing a large predicted angle in a skull having a relatively small basal 
angle. 


BASAL ANGLE 
110 5 120 125 


THE ANGLE OF PROJECTION IS INVERSELY 
PROPORTIONAL TO THE BASAL ANGLE. « 
(223 PATIENTS - MEAN BASAL ANGLE 129°) 


PREDICTED ANGLE 
mo 
— 
NNN W-N 
-NN- 


Fig. 10. Basal and predicted angles. 


wal, the larger the basal angle the smaller in most instances the predicted angles fell 
will be the predetermined projection angle between 30 and 37°. 

and the smaller the basal angle, the larger For this technic, it is extremely im- 
the predicted angle of projection (Fig. 10). portant that we have complete patient 
In 223 patients the basal angles ranged co-operation, as demonstrated in Figure 
irom 120 to 135°, with a mean of 129°,and 11. With a group of 123 medical secre- 


425 
Vol. 7 
— 
— 
135 140 145 
20 
25 
211 
til 
3 
i 
4 
Pan 
50 | 


424 


taries and nursing students, our percentage 
of successes by the method described was 
as high as 98 per cent. With psychiatric 
patients under treatment in the hospital, 
this percentage was reduced to 83. These 
latter patients did not, or could not, follow 
instructions exactly and would allow their 
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September 196) 


the feet in an anteroposterior Oblique pro. 
jection of the skull there will be showy 
in most cases, a satisfactory profile of the 
petrous ridges. If one is concerned, hoy. 
ever, with delineating the width or third 
dimension (3, 4) of the dorsum sellae anj 
the sella turcica, it may be Necessary ty 


VARIATIONS IN PREDICTED ANGLES 


123 MEDICAL SECRETARIES AND 
NURSING STUDENTS 


112 PSYCHIATRIC PATIENTS 


CALCULATED 
HITS BASED ON 
CEPHALIC INDEX 
FALK CLINIC 
PATIENTS 


PATIENTS 
PSYCHIATRIC 
PATIENTS 
USING 35° 


NORMAL 


25 30 35 40 45 50 
PREDICTED ANGLES 


Fig. 11. Results of 


heads to move upward instead of holding 
the chin down, or would open the mouth 
instead of keeping it closed with the hand 
holding the head down. 

Angles of projection have been deter- 
mined on the basis of the cephalic index (2), 
namely the greatest breadth of the cranium 
multiplied by 100, and divided by its 
length. With this method of calculating 
the projection angles in our material, the 
successes would have been only 38 per 
cent. Among the medical secretarial stu- 
dents and nursing students, the predicted 
angles fell principally between 30 and 35°; 
in psychiatric patients this range was 
much wider, all the way from 30 to 45°. 
No explanation for this is apparent. It 
is merely a recorded observation from 
which no conclusions are drawn. 


SUMMARY 


By use of a routine 35° angle toward 


measurements in co-operative and non-co-operative 
patients. 


place these structures exactly in the fora- 
men magnum where they can be studied in 
detail. By an application of these geo- 
metric principles one may, if he so wishes, 
displace this structure further cephalad 
or caudad. 


ACKNOWLEDGMENT: The technical assistance oi 
Lawrence C. Cross, R.T., in carrying out the expett- 
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PROJECTION OF DORSUM SELLAE INTO FORAMEN MAGNUM 


SUMMARIO IN INTERLINGUA 
Un Nove Technica pro le Accurate Projection del Dorso Sellar ad in le Foramine Magne 


Le exposition conventional, i.e. antero- 

terior oblique del cranio secundo Cham- 
yerlain-Towne, le dorso sellar se projice 
ad in le foramine magne de maniera que 
ilo pote esser studiate adequatemente in 
minus que 30 pro cento del casos. In le 
presente communication un nove technica 
or0 le projection del dorso sellar ad in le 
joramine magne es describite, prendente 
in consideration le variationes individual 
in le angulo basal del cranio. Un sol 
exposition lateral del cranio es obtenite con 
le linea cantho-meatal in perpendiculari- 
tate con respecto al axe longe del tabula 
roentgen. In le pellicula ancora humide 
un linea perpendicular es abassate a trans- 
verso le dorso sellar in rectangularitate con 


le pede del pellicula. Iste linea es inscri- 
bite in le pellicula con un cultello affilate e 
dirigite alora al tertio posterior del spatio 
suboccipital, transversante le arco posterior 
del atlante, ubi un secunde linea es in- 
grattate. Le angulo inter le linea per- 
pendicular e le linea diagonal es le predicite 
angulo de projection. 

Le radio central es dirigite verso le 
nucha a transverso le externe meato 
auditori, lo que corresponde alora stricte- 
mente con le spatio suboccipital per le 
qual le angulo de projection esseva deter- 
minate. 

Con iste technica, le procentage de 
successos in un gruppo de subjectos co- 
operative attingeva le alte cifra de 98. 
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Circulatory Arrest: 


URING THE YEAR since Kouwenhoven, 
D Jude, and Knickerbocker (1) intro- 
duced closed chest compression as a means 
for artificial circulation, many lives have 
been saved, including at least 3 at the 
institution from which this report comes. 
All such resuscitations have been in the 
relatively small group of patients whose 
primary defects eventually permitted an 
effective heartbeat, however paced. While 
proportionately small, the annual number 
of our countrymen dying of potentially 
reversible causes is approximately 100,000 
(based upon the estimated number of 
sudden ‘‘mechanism”’ deaths from coronary 
disease). It follows that all should become 
familiar with the emergency management 
of circulatory arrest. General princip’es 
are well covered in Stephenson’s mono- 
graph (2), and details of the closed chest 
technic have been published recently (3). 
A brief description follows. 


MANUAL CLOSED-CHEST ARTIFICIAL 
CIRCULATION 


Where resuscitation is indicated, circula- 
tory arrest may be countered by posterior 
displacement and release of the precardiac 
chest wall, 60 to 100 times a minute. This 
is done with the patient supine, the heel of 
the operator’s hand being used to push 
the lower sternum inward about 2 inches. 
Recoil is passive. The maneuver com- 
presses the heart against the spine, with 
resulting ejection of blood, thus making use 
of the heart’s valves in converting it to a 
passive pump powered by the operator. 
Effectiveness should be gauged by palpa- 
tion of the peripheral pulses produced. 
Mouth-to-mouth artificial respiration is 
instituted immediately (intermittently if 
necessary; not at all if adequate spon- 


Manual and Mechanical 
Means for Emergency Managemen; 
CHARLES T. DOTTER, M.D., KURT R. SIRAUBE, M.D., and DOUGLAS C. STRAIN, BS: 


taneous respiration is present), 
therapy and electrocardiographic diagnosis 
can be deferred until means for definitive 
therapeutic attempts are available, 1) 
the radiologist in private practice, this 
will generally entail emergency transfer of 
the patient to a hospital. 

The foregoing method was used in , 
recent instance where death was delayed for 
two and one-half hours following total loss 
of left ventricular function due to massive 
myocardial infarction. 


Case I: A 38-year-old male was examined by 
contrast cardiovascular visualization prior to 
planned surgery for aortic valvular stenosis (Fig, 1), 
Two or three minutes following an injection of 
Hypaque into the proximal aorta, chest pain and 
the characteristic electrocardiographic changes of 
myocardial infarction heralded the onset of leit 
heart failure and acute pulmonary edema. Ventric- 
ular tachycardia soon led to ventricular fibrillation. 
Closed chest artificial circulation and mouth-to- 
mouth artificial respiration were begun; electrical 
defibrillation was accomplished less than a minute 
following the onset of fibrillation. The patient was 
intubated and thereafter pulmonary ventilation was 
maintained by an anesthesiologist (who had been 
sought at the onset of chest pain). During the 
ensuing two and one-half hours, several persons 
successfully participated in the manual maintenance 
of the patient’s circulation. 

It became apparent that, while external electrical 
defibrillation was effective, the resulting cardiac 
contraction, though co-ordinated, was insufficient im 
strength to provide the coronary flow necessary for 
its own survival. Unless artificial circulation was 
maintained, ventricular fibrillation soon returned 
When chest compression was stopped or ineffectivel: 
performed, the result was a pulseless, unconscious 
patient in ventricular fibrillation. Effectively ap- 
plied, artificial circulation led to semi-consciousnes, 
co-ordinated contraction (following electrical de 
fibrillation), and aortic blood pressures which are 10 
part shown in Figures 2 and 3. ; 

The cardiologist (Dr. Herbert Griswold), cardiac 
surgeon (Dr. Albert Starr), and the radiologist 
agreed that cutting the stenotic aortic valve offered 


! Work done in connection with this study was performed in the University of Oregon’s Minthorn Memoria: 


Laboratory for Cardiovascular Research through Radiology, aided by grants from the U.S.P.H.S. (H-324 


75,C381), 


the Oregon Heart Association, and the Mallinckrodt Chemical Works. Accepted for publication in April 1961. 


2 President, Electro Scientific Industries, Portland, Ore. 
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CIRCULATORY ARREST: EMERGENCY MANAGEMENT 


Fig.1. Case I: Fatal myocardial infarction. 


disease. 


4. Films two, three, and six seconds after initial left ventricular injection. 
The electrocardiogram revealed only transient bigeminy. 


perpetual diastole (see also Fig. 1, B). 


A 38-year-old male studied because of rheumatic valvular 


The ventricle has appearance of 
Contrast agent 


remained in the aorta throughout the study, a distinct abnormality. 
B. Films two, three, and six seconds after aortic injection again disclose delay in progress of the injected 


medium and also reveal the presence of major proximal stenosis of the left coronary artery (arrow). 
Minutes later acute left heart failure developed and resuscitation 
It was abandoned two and a half hours later, following ineffective aortic valvulotomy and demon- 


aortic valvular insufficiency was demonstrated. 
was instituted. 
stration of an infarcted, noncontractile left ventricle. 


achance of improvement, and this was subsequently 
accomplished in the radiology department. 
External chest compression was found to be effec- 
twe even after the left pleural space had been 
opened widely. Advantage was taken of the 
(pportunity to compare external versus direct 
cardiac massage. Aortic pressures due to direct 
cardiac massage by an experienced cardiac surgeon 
were recorded and in Figure 3 are photographically 
superimposed upon those resulting from the closed 
chest maneuver. In this instance at least, the latter 
was superior. Inspection of the heart revealed that, 
While the right ventricle contracted vigorously, the 
left was purple, quiescent, and leathery to the touch. 
Aortic valvulotomy was ineffective and artificial 
creulation was discontinued. 

Autopsy revealed a massive anterolateral myo- 


Moderate 


cardial infarction and a subtotal occlusion of the left 
coronary artery about an inch from its origin. 
It was thought that the infarction had occurred 
during the twenty-four-hour period prior to death. 
In any event, the clinical manifestations appeared 
to have been a consequence of the procedure. 


Comment: Though the patient did not 


survive, this case afforded a dramatic 
demonstration of the usefulness of closed 
chest artificial circulation. Its simplicity 
and superiority over direct cardiac massage 
were likewise established. The episode 
also stimulated thought about the problem 
in general. 
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Fig. 2. Case I: External artificial circulation. Tracings selected from continuous aortic pressure record 
made during resuscitation following acute left ventricular failure due to myocardial infarction. These were made 
at 2.5 mm. per second paper speed and identical sensitivity. 

A. Despite variations in rate and amplitude, the resuscitator, a radiology resident, maintained good peripheral 
pulses and satisfactory coronary perfusion (judged by the electrocardiogram; not shown due to inevitable arte. 
facts). 

B. External defibrillation by Kouwenhoven's technic repeatedly resulted in co-ordinated but unfortunately 
ineffective ventricular rhythm. F 

Half an hour later: no ventricular pulses during a change of operators. 
D. Wide pulse pressure and fairly high systolic levels attained by one operator. 
E. Pressures from external thoracic compression during left thoracotomy (emergency aortic valvulotomy), 


mm Hg 
150- 


100 J CLOSED CHEST 


50 - 


Fig. 3. Case I: Comparison of aortic pressure pulses due to external artificial circulation with those of direct 
cardiac massage. Recorded at 25 mm. per second paper speed, same calibration. at 

A. Higher, slower pulse curve with a dicrotic notch was achieved by external chest compression (radiologist 
Lower curves on A, B, and C are photographically superimposed records of the results of a skilled thoracic surgeot 
performing manual cardiac massage at the time cf emergency aortic valvulotomy. oe 

Pressure records during closed chest circulation by a completely untrained laboratory technician. The 

lower trace is again that of relatively ineffective direct massage. : 
= The highest levels achieved (resident in surgery). External massage was clearly superior to direct massage 
in this patient. 
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CIRCULATORY ARREST: EMERGENCY MANAGEMENT 


Fig. 4. The circulator. A. Electric motor (1/10 h.p.), cam, and thrust 
rod with rubber shoe which contacts patient’s sternum. B. Simulated use 
photograph showing mechanical external artificial circulator. Patient lies 
between motor board and base of the external circulator. Height of motor 
board and therefore depth of thrust can be adjusted by jack-screw on verti- 


cal support shown at the left. 


A DEVICE FOR MECHANCIAL CLOSED CHEST 
ARTIFICIAL CIRCULATION 


An anesthesia machine using room air is 
superior to chest compression for the pur- 
pose of artificial respiration. By analogy, 
‘ven greater advantage should result from 


the development of a mechanical device 
for compressing the heart through forced 
sternal depression. Furthermore, such a 
device would permit the study on cadavers 
of controlled variation of such parameters 
as the repetition rate and characteristics 
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of applied thrust. On the basis of ex- 
periences gained in the foregoing case, a 
simple machine was designed and con- 
structed? for this purpose. 

The prototype artificial circulator con- 
sists of a thrust mechanism mounted on a 
supporting frame. The latter is rec- 
tangular in shape, hinged at both lower 
corners; it is rigidly joined at one upper 
corner and may be opened at the other for 
positioning purposes. The patient’s back 
is placed on the baseboard. A jack-screw 
mechanism on one of the hinged vertical 


Zeroy 
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measuring 2 X 4 inches. The instrument 
is pictured in Figure 4. 

Initial trial of the device was made on a 
intact heparinized adult cadaver eight 
hours following death due to coronary 
artery disease. Polyethylene tubing y, 
inserted into a femoral artery, 800 e¢ of 
tap water was injected to make up for 
postmortem loss in effective circulatins 
blood volume, and pressures were recorded 
from the abdominal aorta during mechani. 
cal artificial circulation (Fig. 5). Both 
mechanical and manual chest compression 


50 mm Hg 


mm Hg 


Fig. 5. Femoral blood pressure. 


characteristic of a mechanical device. 


members permits regulation of the distance 
between the upper and lower crossbars 
(motor support and baseboard respec- 
tively). This adjustment provides for 
setting both the level and the depth of 
thrust with reference to the patient’s 
sternum. Experience soon indicated the 
desirability of adding a ridged rubber mat 
to the baseboard. A 1/10 h.p. electric 
motor, geared down to 60 r.p.m., is con- 
nected through a simple cam so as to 
impart a 2-inch regular reciprocal motion 
to a vertically positioned thrust bar, which 
extends downward through a hole in the 
motor board to bear upon the sternum 
through a rubber-padded pressure plate 


* The artificial circulator was built in a remarkably 
short period of time in the shop of the Electro Scientific 
Industries, under the direct supervision of Mr. Robert 
Phillips. 


Mechanical external artificial circulation 
in a heparinized cadaver eight hours postmortem. 


Pulse regularity is 


were effective. Higher systolic peaks, 
though less well sustained, were obtained 
by the manual technic. An opportunity 
to test the unit in a more life-like situation 
soon arose. 


Case II: Five days following transurethral 
prostatectomy, a 75-year-old male was found on the 
floor, cyanotic and without perceptible pulse ot 
respiration. Since the duration of his collapse was 
not known, closed chest artificial circulation and 
mouth-to-mouth breathing were instituted immed 
ately. An electrocardiogram revealed ventricular 
fibrillation. The patient was moved to a bed and 
pulmonary ventilation was thereafter carried out by 
skilled anesthesiologist. Attempted external 
defibrillation failed to produce sustained 
ordinated contractions of the heart. 

Thirty minutes after the discovery of circulat 
arrest, the artificial circulator was put into operation. 
Percutaneous femoral artery catheterization W* 


used to position polyethylene tubing in the ab- 
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dominal aorta. A representative pressure tracing 
recorded during the use of mechanical artificial 
circulation is shown in Figure 6. Unfortunately, 
the records do not permit comparison with the 
effects of manual chest compression, Though 
manual compression produced : higher systolic 
arterial pressure peaks, the significant comparison 
between mean pressures was not obtained. Systolic 
pulses were observed in the femoral veins. 

Thereafter, with several interruptions for reposi- 
tioning (during which the manual method was used), 
the patient was maintained on the pump. Approxi- 
mately forty-five minutes after the institution of 
mechanical artificial circulation and at least one hour 


EKG Lead 3 
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applied thrust and varying the rate. A 
smaller motor will be used. Cadaver 
flow-pressure studies will be made in order 
to determine optimum functional charac- 
teristics. If warranted, the changes indi- 
cated will be incorporated in the design of a 
third light-weight, low-cost unit. We have 
recently been informed indirectly that a 
similar effort is under way elsewhere. 
This is not surprising. If it is, we wish our 
colleagues well; if not, we hope and be- 
lieve it soon will be. 


B.A., male, 75 
#29-21-47 
B.P. 115/20 


Fig. 6. Case IT. 


and fifteen minutes after the onset of circulatory 
arrest, the patient, except for his heart, appeared 
viable. Although neither consciousness nor co- 
ordinated cardiac contraction had returned, there 
were reflex activity, random muscular movement, 
and ventricular fibrillation. These persisted until 
artificial circulation and respiration were dis- 
continued. 

Autopsy revealed diffuse coronary sclerosis with- 
‘ut complete occlusion or evidence of myocardial 
marction, Death was ascribed to ventricular 
‘brillation secondary to myocardial ischemia. 
Multiple rib fractures evidenced inexperience 
with, or limitations of, the methods employed. 
Intrathoracic and abdominal organs showed no 
evidence of trauma. Had the patient’s collapse 
been discovered sooner, or possibly had the treat- 


ment been more effective, the outcome might have 
been different. 


A second unit is planned. Provision 
wil be made for adjusting the curve of 


Mechanical artificial circulation in vivo. 
75-year-old male, suddenly experienced ventricular fibrillation five days 
following transurethral prostatic resection. Pressure was recorded by means 
of polyethylene tubing percutaneously inserted into a femoral artery. At the 
time of the illustrated record, the patient was semiresponsive, though left 
ventricular function had been absent for approximately an hour, 


The patient, a 


DISCUSSION 

Ventricular fibrillation may be con- 
sidered a mode of death rather than a 
primary cause. When it represents a by- 
product of sudden but temporary myo- 
cardial insult, such as a small infarct, an 
electrical shock, transient hypoxia, or the 
reaction to a contrast agent, prompt re- 
oxygenation of the myocardium often 
permits successful defibrillation and re- 
covery. As Kouwenhoven, Jude, and 
Knickerbocker have shown, both can be 
accomplished without the added risk of 
thoracotomy, thereby improving the pa- 
tient’s chances and increasing the scope of 
resuscitative efforts. On the other hand, 
regardless of how promptly and effectively 
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it is applied, artificial circulation cannot 
cause blood to flow through occluded 
coronary arteries, and defibrillation is not 
likely to succeed if persistent myocardial 
ischemia prevents the re-establishment of 
autogenous coronary perfusion. Jn pro- 
viding a temporary substitute for the heart 
which has failed, artificial circulation affords 
an opportunity to treat the basic disease after 
it has ‘killed’ the patient—therapy without 
risk! 

Rhythmic, co-ordinated contraction of 
the human heart can be initiated several 
hours after death (4). The inability of 
the pathologist to time the moment, hour, 
or even the day of myocardial infarction 
gives negative support to the suspicion 
that protracted myocardial anoxia, though 
rendering the heart functionless, does not 
per se exclude the possibility of recovery 
following re-oxygenation. The moment 
when irreversible cell death occurs in 
human myocardial infarction is not clear. 
Comparing infarcts, the place and degree 
of myocardial ischemia may vary widely, 
while the resulting loss of function is 
indistinguishable. For this reason, re- 
oxygenation of the ischemic myocardium 
must be the basic rationale of the therapy 
of coronary disease. Vasodilators have 
failed. Anti-coagulants have been pri- 
marily prophylactic. Fibrinolysin shows 
promise only where fresh thrombi are 
involved in the occlusion. Surgery to date 
has been highly unphysiological (peri- 
cardial trauma, reversal in direction of 
myocardial blood flow, internal mammary 
ligation) or has failed by virtue of poor 
case selection and the technical difficulties 
inherent in the size and critical role of the 
coronary arteries. Where proximal local- 
ized disease is present, surgery nevertheless 
appears to offer the best chance for salvage. 
That its potential is as yet unrealized is 
understandable, since over half of those 
suffering from acute myocardial infarction 
survive despite therapy which is little 
more than supportive. With life already 
hanging in the balance, and recovery 
apparently possible until the moment of 
death, we are reluctant to subject patients 
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to diagnostic and therapeutic procedure: 
of unproved value but high risk. 

Regardless of how it is accomplished 
the successful institution of artificial circy, 
lation within two minutes of “death” dy. 
to acute myocardial infarction will provide 
a second opportunity, one such that the 
boldest imaginable approach would fy 
more conservative than none. 


CONCLUSIONS 


1. Closed chest artificial circulation js 
a simple and effective procedure with which 
all radiologists should become familiar. 

2. <A prototype mechanical device has 
been constructed and used for the purpose 
of artificial circulation in man. 

3. Artificial circulation instituted at 
the moment of death from myocardial 
insufficiency makes possible the immediate 
application of a number of diagnostic 
and therapeutic technics which previously 
have been regarded as radical. There is 
literally nothing to be lost—no risk—in 
this approach. The implications are ob- 
vious. 


ADDENDUM 


Since this paper was submitted we have sucessfully 
employed manual closed chest resuscitation in 2 
patients undergoing left heart catheterization. In 
one, a 38-year-old male with mitral valve disease, 
heart failure led to asystole as a result of a prolonged 
run of ventricular tachycardia due to catheter irrita- 
tion of the left ventricle. A normal sinus rhythm 
spontaneously returned following ten minutes of arti- 
ficial circulation and mouth-to-mouth breathing 
In the other patient, a 45-year-old female, ventnicu- 
lar fibrillation developed immediately on completion 
of a supravalvular injection of contrast agent. Re 
suscitative measures plus electrical defibrillation 
done six minutes after the onset of fibrillation were 
curative. Both patients were out of danger and 
fully conscious within twenty minutes of the onset ol 
complication. Without the simple resuscitative 
technics which were used, both would now be dead. 


University of Oregon Medical School Hospital 
Portland 1, Oregon 
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SUMMARIO IN INTERLINGUA 
Arresto Circulatori: Mesuras Manual e Mechanic in Tractamento de Urgentia 


Compression del thorace claudite pote 
«stablir le circulation post su arresto e 
provider un opportunitate pro le applica- 
jon immediate de mesuras therapeutic 
pace, possibilemente, a salvar le vita 
iel patiente. 

Es reportate duo casos. In un, le 
morte esseva retardate per duo horas e 
nedie post le perdita complete del func- 
tion sinistro-ventricular causate per 
massive infarcimento myocardial. Le 
compression esseva applicate manual- 
mente. 


In le secunde caso, un _ dispositivo 
mechanic esseva usate. Isto consisteva 
de un mechanismo de impulso montate 
super un structura de supporto e activate 
per un motor electric de un decime cavallo. 

Ben que ni le un ni le altere de iste duo 
patientes superviveva, es opinate que le 
casos signala positive possibilitates del 
methodo. Le autores conclude que circu- 
lation artificial a thorace claudite es un 
simple e efficace procedimento e que omne 
radiologo deberea facer se familiar con 
illo. 
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TILIZING A specially constructed grid, 

Goldenthal and his co-workers (1) 
in 1958 demonstrated that it was possible 
to obtain a good roentgen kymogram of the 
individual diaphragmatic excursions and 
that, furthermore, there appeared to be a 
correlation between the individual dia- 
phragmatic movements in forced maximal 
expiration with the bronchospirometric 
ratings of each lung. In this paper, we 
plan to illustrate how this roentgen investi- 
gation of pulmonary physiology may be 
carried a step further to add information 
on the total vital capacity, the timed vital 
capacity, and expiratory flow rates. 

Two years ago a simple apparatus was 
fashioned that has enabled us to obtain 
this additional data on respiratory dy- 
namics. A special grid was constructed 
under the direction of Dr. Sumner Golden- 
thal, differing from the usual roentgen 
kymographic grid in the width of its lead 
strips and the spacing between the strips. 
The grid was designed to permit a record- 
ing of events during a time interval of 
four seconds over a strip of film measuring 
30 mm. in width. It was in all respects 
similar to that described by Goldenthal, 
Armstrong, and Lowman. These authors 
found the dimensions of their modified 
grid (lead strips 30 mm. wide, spaced 
1.0 mm. apart) “optimal for obtaining a 
maximum number of scanning points while 
simultaneously spreading out a single dia- 
phragmatic excursion wave so that its 
amplitude and rate of rise could be meas- 
ured with requisite accuracy.’’ To obtain 
the additional information that we sought 
on respiratory dynamics, we simply rigged 
a conventional McKesson-Scott vital- 
capacity apparatus with a lead marker in 


! From the Department of Radiology, University of Pittsburgh School of Medicine, Pittsburgh, Penna. Ac 


cepted for publication in January 1961. 
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Some Aspects of Pulmonary Dynamics Revealed by 
Concurrent Roentgen Kymography of Spirometric 
Movements and Diaphragmatic Excursions' 
ELLIOTT C. LASSER, M.D. 


such a fashion that the marker rose gy. 
chronously with inflation of the belloys 
The details of this modification are hey 
noted in the accompanying illustrations 
(Fig. 1, A and B). 

This modified apparatus resembles 
to a degree, that devised by Wang and 
Shipley (2) to produce a similar curve on, 
convex paper strip. The lead marker was 
attached to the cover of the vital capacity 
apparatus by an aluminum tape. Sine 
the cover of the apparatus rises in an are 
suitable plastic and metallic guides wer 
constructed to enable the aluminum tap 
to follow a similar arc when the lid opened 
At appropriate intervals in a_ vertical 
plastic strip linear metallic markers were 
embedded to indicate the number of liters 
of air that filled the bellows as the cover 
rose. 

The kymographic grid was bolted to the 


outside surface of a Bucky diaphragm sate 
from which the standard grid had been § “ 
removed. The whole assembly was then § sarker 
mounted in a vertical fashion, and an — 
armature attached to the frame of the J c 
removed grid was designed to impart f° 
slightly over 3 cm. of movement to a film 

placed in the Bucky slot. At half-second 
intervals a rotating metal vane projected 
on the front surface of the kymogram § 7, 
apparatus marked off the time intervals. chan, 
The spirometer was mounted on the displ 


superior surface of the kymogram assembly 
(Fig. 1, C and D) with the tube leading to 
the bellows at mouth level of the patient 
facing the cassette. 

With this arrangement we were able to 
obtain concomitant tracings of diaphrag- 
matic and spirometer movements. 4l 
examinations were made in a single max 
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Fig. 1. A. Close-up lateral view of modified McKesson-Scott vital capacity apparatus. 


Note the metallic and 


plastic guides that have been attached to the cover of the apparatus near its hinged joint to guide the aluminum 
tape. The vertical plastic bar contains embedded lead volume markers on its flat anterior surface. 


B. View of the modified vital capacity apparatus from the front. 
narker at its lower end attaches to the left side of the apparatus. 
On the right under portion of the apparatus a rotating metallic vane (time-marker ) is 


narker to the 4-liter level. 
ittached. This is turned by a small electric motor. 


The aluminum tape with a horizontal lead 
The cover has been lifted sufficiently to bring the 


C. The vital capacity marking apparatus is seen mounted in correct position on the special roentgen kymo- 


gram assembly. 


D. Appearance of the apparatus at the end of a forced expiration. 


imal expiratory effort, in the same fashion 
as for a total vital capacity examination. 
The tracings, then, represent sequential 
changes in diaphragmatic position and air 
displacement from a starting point of max- 
imal inspiration to maximal expiration. 
More than 300 examinations have been 
taried out in the past two-year period. 
‘ome of the more pertinent findings will 
Xe discussed and illustrated in the ensuing 
section. 


ILLUSTRATIVE EXAMPLES 


In the patient without pulmonary ab- 
wormality, the maximal diaphragmatic 
‘cursion occurred in the lateral and 


posterior segments (Fig. 2, A and B). 
About 75 per cent of our patients with 
normal chests showed a 5 to 10 per cent 
greater diaphragmatic excursion on the 


left than on the right side. The kymo- 
graphic curve of diaphragmatic movement 
in forced expiration did not always parallel 
the spirometer curve in shape and total 
excursion (Fig. 2, C, D, and E). It scon 
became evident that one cannot depend 
upon any absolute measure of diaphrag- 
matic rise as an index of total vital ca- 
pacity. Some persons with relatively 
limited total vital capacities showed con- 
siderably greater diaphragmatic excur- 
sions than did others with normal vital 
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Fig. 2. A. Normal tracing. The vital capacity tracing is superimposed upon the left upper iung field. Each 
horizontal lead marker represents 1,000 ¢.c. of expired air. This patient has a vital capacity of approximatels 
4,200 c.c. The blips superimposed over the right upper chest represent half-second intervals. Both the one 
second and the total vital capacities are within the expected range of normal for this patient. Note the similarity 
of the diaphragmatic curves and the spirometer curve in form and total extent. 

B. Lateral kymogram to illustrate the accentuated excursions of the posterior segments of the diaphragm. The 
vertebral column is on the right. P 

Cand D. No demonstrable pulmonary abnormality. The diaphragmatic excursions are flatter than the spi- 
rometer curve. 

E. Tracing made in a patient with a severe kyphoscoliosis and limited thoracic wall excursions. The major por- 
tion of the vital capacity in this patient can be attributed to his diaphragmatic movements, which do not bear any 
resemblance in curvature or total excursion to the spirometer tracing. 


capacities. This discrepancy in relating underlying spleen or liver, gave rise to 
the diaphragmatic curve and the spi- alterations in the ipsilateral diaphragmatt 
rometer curve must reflect, among other curve. Figure 3 illustrates a considerable 
factors, the complexity of the mechanisms flattening of the expiratory diaphragmatic 
of respiration and the great variability in curve on the left in a patient with leu- 
body build. kemia, an enlarged spleen, and slight 

Abnormal elevations of the diaphragm, secondary elevation of the left hemidia 
such as are encountered in eventration phragm. Figure 4 shows initial paradoxic 
and in association with enlargement of the motion followed by reduced total excursion 
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Fig. 3. A. Leukemia. Enlargement of mediastinal and hilar nodes and of the spleen. 
B Flattened excursion of the left hemidiaphragm thought to be secondary to enlargement of the underlying 


spleen. 


of the right diaphragm in a patient with an 
enlarged liver containing metastatic tumor. 
Figure 5, A and B, illustrates the charac- 
teristic pattern of diaphragmatic ascent 
in instances of eventration of the left and 
right diaphragms respectively. It is to 
be noted that only the initial segment of the 
involved diaphragmatic excursion is para- 
doxic, and that the curve becomes normal 
in direction but reduced in extent at about 
the same time that the spirometer begins 
torise. In quiet respiration the eventrated 
diaphragm may show a completely para- 
doxie motion. However, in the forced 
expiration that takes place under the 
circumstances of this examination, active 
expulsion of air from both lungs, by what- 
ever combination of mechanisms, dictates 
that the major movement of the involved 
diaphragm be in the same vertical direction 
as the exiting gas in the trachea. 

In lobar collapse the ipsilateral dia- 
phragm showed a normal directional, 
‘lightly flattened, and diminished curve 
" comparison to the uninvolved side. 
Atelectasis of the left upper lobe (A) and 
of the right upper lobe (B) is illustrated 


in Figure 6. In both instances, the col- 
lapse is secondary to endobronchial car- 
cinoma. Postoperative atelectasis of the 


a 

Fig. 4. Enlarged metastatic liver. Note the in- 
itial paradoxic motion of the right hemidiaphragm fol- 
lowed by a diminished total excursion on this side. 
Normal excursion on the left side. 
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Fig.5. A. Eventration of the left hemidiaphragm. At the onset of expiration there is an initial paradoxic move- 
ment of the left hemidiaphragm followed by a diminished total (normal directional ) movement. 
B. Eventration of the right hemidiaphragm. An initial paradoxic motion is noted on the right in this instanee. 


Fig. 6. A. Bronchogenic carcinoma with atelectasis of the left upper lobe. Note the diminished excursion of the 
left hemidiaphragm. 

B. Bronchogenic carcinoma of the right upper lobe. The diminished excursion is noted on the right. The 
appearance of the diaphragmatic curve is otherwise not remarkable. 


left lower lobe, relenting after conservative movement of an air-fluid level in the under- 
therapy, is illustrated in Figure 7, A-D. lying stomach) showed a flattened, di- 
With collapse of the left lower lobe, the minished curve. On the following day, 
diaphragm on the involved side (judged by with almost complete re-expamsion, the 
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Fig.7. A. Atelectasis of the left lower lobe one day following iliac endarterectomy. 

B. Postoperative left lower lobe atelectasis. The flattened curve of the left hemidiaphragm has been penciled 
near the lower portion of the heart shadow. 

C. Left lower lobe atelectasis has almost completely cleared. 

D. Considerable improvement of the left diaphragmatic excursion is now evident. The somewhat irregular 
‘urve (penciled in black) on the left may be due to residual “sticky” parenchyma. There has been some improve- 
ment in total vital capacity. 


diaphragmatic rise appeared steeper and diaphragm on the second study may refiect 
wore complete on the kymographic study. incomplete peripheral re-expansion or 
somewhat irregular curve of the left ‘sticky’? parenchyma. 
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Chronic inflammatory or granulomatous 
foci in one lung produced the expected 
alteration in diaphragmatic expiratory ex- 
cursion, namely, a diminished ipsilateral 
ascent. Unless considerable secondary 
emphysema had developed, the rate of 
ascent (slope) usually approximated the 
contralateral diaphragm (Fig. 8). 
Generalized pulmonary emphysema with 
air trapping resulted in flattened expiratory 
diaphragmatic curves that paralleled the 
spirometric excursions. Both in turn re- 
flected the slow but sustained expiratory 
effort characteristic of this circumstance 
(Figs. 9 and 10). Localized pulmonary 
emphysema, when basilar in character, 
and particularly in the presence of a bleb, 
produced an abrupt cessation of an other- 
wise normal appearing diaphragmatic ex- 
cursion on the involved side (Fig. 11). 
Spirometric tracings carried out in 15 
patients before and after bronchography 
with aqueous Dionosil showed an average 
immediate fall in total vital capacity 
approximating 45 per cent. No attempt 
was made to determine the duration of the 
lessened values. In this same group, one 


could observe ascent of the entire opacified 
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Diminished excursion of the left hemidiaphragm in patient with cystic bronchiectasis of the left lower 
The similiarity of the slope of both diaphragmatic excursions suggests the absence of air trapping. 


tracheobronchial tree on expiration rather 
than paradoxical respiratory motions of 
the upper and lower lobes, as previously 
reported (33). 

Analysis of the entire group of patients 
studied by this special kymographic technic 
showed considerable unpredictable asyn- 
metry of thoracic cage movements in one 
hemithorax compared to the other. While 
the lower rib movements were greater in 
degree than the upper rib excursions, there 
was no clear-cut evidence of any variation 
in the time of onset of rib movements at 
one level in comparison with another, as 
suggested by the employment of other 
technics (4). 


DISCUSSION 


For the first correct description of the 
anatomy of the diaphragm, we are indebted 
according to Ballon (5), to Vesalius, and 
for recognition of the fact that its actions 
concerned with respiration, to Galen. 

The diaphragm is attached posteriorly to 
the lumbar vertebrae, laterally to the 
lower six ribs, and anteriorly to the ens: 
form cartilage of the sternum. From these 
points of attachment the muscle fibers 
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Fig. 9 Chronic bronchitis. Some emphysematous changes with flattening of both hemidiaphragms is 
‘pparent. Note the similar flattening of the diaphragmatic excursions and the spirometer tracing. A prolonged 
‘xpiratory effort is characteristic of air trapping. 
| Fig. 10 _ Chronic asthma. The appearance of the chest suggests a considerable degree of emphysema. Pro- 
onged expiration is apparent in both the spirometer tracing and the diaphragmatic excursions. The total vital 
‘apacity was normal for this patient, but the one-second vital capacity was low. 


Sweep upward, arching toward the midline muscular contraction. The diaphragm is 
0 Jom the central tendon, at which point the chief muscle of respiration; its move- 
the pericardium is attached. The dome ments being responsible during deep 
of the diaphragm is otherwise free, moving breathing for 60 per cent of the total 
downward and somewhat forward with amount of air breathed (6). 
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basilar emphysema on _ the 
Note the sudden flattening of the right dia- 
phragmatic excursion in an otherwise normal-appearing 


Fig. 11. Localized 


right. 


tracing. Timed and total vital capacity were normal 
Quiet inspiration is accomplished by con- 
traction of the diaphragm and the external 
intercostal muscles. Quiet expiration in- 
volves no active muscular contraction. 
With deeper breathing, on the other hand, 
the thoracic expiratory muscles and ab- 
dominal wall musculature begin to contract 
actively to hasten the emptying of the 
lungs and to make it more complete (7). 
The total diaphragmatic surface is about 
270 sq. cm. A descent of 1.0 cm. will 
therefore increase the thoracic capacity by 
270 c.c. and allow a corresponding volume 
of air to enter the lungs. In forced expira- 
tion the average maximal excursion of the 
right diaphragm is 6.6 cm. (1). If the 
same average excursion were applied to 
both diaphragmatic leaves, forced expira- 
tion would lead to expulsion of 1,782 c.c. 
of air by diaphragmatic motion alone. 
The other 40 per cent of total vital capac- 
ity then would be derived from the non- 
diaphragmatic portions of the respiratory 
maneuver. There is no question that 
either the costal respiratory mechanism 
or the diaphragmatic respiratory mecha- 
nism alone can meet the resting require- 
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ments for pulmonary ventilation, Re. Thi 
cently, Robin and his co-workers (8) diffe 
studied a group of patients with they. righ 
matoid spondylitis and almost complete fact 
restriction of chest wall movements, They offe 
concluded that it is unlikely that complete righ 
rigidity of the bony thorax could reduc 
vital capacity by much more than 45 per 
cent. All of these findings emphasiz 
the important place that diaphragmatic L 
movements occupy in the respiratory gen 
mechanism. mat 
The value of a tracing of forced ex. vite 
piration has been adequately documented fore 
(1, 2, 10, 11). Previous attempts at ? 
simultaneous study of diaphragmatic 
movements and pulmonary air flow were ile 
carried out by concurrent observations of 3 
electromyographic tracings of the dia- e 
phragm along with spirometry (4) or by - 
fluoroscopic control of a mechanical dia- int 
phragmatic tracker along with spirometry the 
(9). Neither method would seem to pro- pul 
vide as reliable a correlation of diaphrag- a: 


matic motion, rib motion, and air flow as 
was obtained by the present simple ar- 
rangement. 

As was pointed out earlier in this paper, 
one cannot depend on any absolute measure 
of diaphragmatic rise as an index of total 
vital capacity; hence the value of the 
distinct spirometer tracing. A comparison 
of the curves of the individual diaphrag- 
matic leaves may provide further valuable 
information about the contribution from 
each hemithorax. Previous roentgen stud- 
ies of the diaphragm have failed to include 
the significant timed or total vital capacity 
reading (1, 3, 12-14). We have not as yet 
had an opportunity to correlate the indi- 
vidual diaphragmatic movements with 
bronchospirometric tracings from cach 
side, but the work of Goldenthal and his 
associates (1) suggests that there 1s 4 
statistical correlation between the per 
centage ventilation of each lung noted by 
this method and the more discrete pul- 
monary function tests. 

Most authors are in agreement that 
normally there is a greater excursion 
of the left hemidiaphragm than the right. 
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This has been variously attributed to the 
difference in total volume between the 
right and left lungs (10 to 8.5) and to the 
‘act that on the left the gastric air bubble 
offers less resistance than the liver on the 


right (14). 


SUMMARY 


|. Asimple method of obtaining roent- 
gen kymographic tracings of the diaphrag- 
matic excursions and the timed and total 
vital capacity determinations in a single 
forced expiration has been described. 

9 The clinical value of these three 
separate tracings registered on a single 
film has been emphasized. 

3, Alterations in diaphragmatic ex- 
cursion secondary to loss of diaphragmatic 
tone, enlargement of the liver or spleen, 
inflammatory and atelectatic changes in 
the lungs, and localized and generalized 
pulmonary emphysema have been de- 

4, Examinations carried out before and 
after bronchography have indicated a 
rather significant drop in vital capacity 
immediately following this procedure and 
have emphasized the need for caution when 
it is contemplated in persons with border- 
line pulmonary reserve. 


Note: The author gratefully acknowledges the 
help of Richard Granke, B.S., who aided in the 
design and construction of the modified vital ca- 
pacity apparatus. 


Presbyterian University Hospital 
Pittsburgh 13, Penna. 
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Certe Aspectos del Dynamica Pulmonar, Revelate per Roentgeno-Kymographia Simultanee 
de Movimentos Spirometric e Excursiones Diaphragmatic 


Per medio de un modificate grillia 
toentgeno-kymographic e un spirometro 
attachate a illo, registrationes esseva ob- 
temite representante le alterationes se- 
quential in le position diaphragmatic e le 
‘apacitate vital total e temporalmente de- 
teminate in le curso de un sol expiration 
lortiate. Es sublineate le valor clinic de 


iste tres registrationes in un sol pellicula. 

Esseva trovate que le curva kymographic 
del movimento diaphragmatic non esseva 
semper in parallela con le registration 
spirometric in conformation e excursion 
total e, per consequente, non poteva esser 
acceptate con confidentia como un indice 
del total capacitate vital. 
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In le absentia de anormalitates pul- 
monar, le maximo del excursion diaphrag- 
matic occurreva in le segmentos lateral e 
posterior, con un marcate tendentia de 
preponderar al sinistra in comparation con 
le latere dextere. 

Alterationes in le excursion diaphrag- 
matic esseva observate secundari al perdita 
de tono diaphragmatic, a allargamento de 
hepate o splen, a alterationes inflammatori 
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o atelectatic in le pulmones, e a emphysem, 
localisate o general. 

Examines effectuate ante e post broncho. 
graphia indicava un satis significative re. 
duction del capacitate vital immediate. 
mente post le execution del manovra. Isto 
signala le necessitate de proceder caute. 
mente si le manovra es contemplate in | 
caso de patientes con reservas pulmonar de 
adequatia insecur. 
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The Lower Urinary Tract in Infants and Children’ 
LAWRENCE A. DAVIS, M.D., ROBERT LICH, M.D., LONNIE HOWERTON, M.D., and WILLIAM JOULE, M.D. 


RINARY TRACT infection is extremely 
U common and in pediatric practice 
such infections occurring repeatedly are 
senerally considered an indication for ex- 
oretory urography. In many instances, 


{the urogram is normal, the diagnosis is 
“evstitis” or ‘pyelonephritis,’ and only 


medical measures are prescribed. A nor- 
mal excretory urogram, however, does not 


Fig. 1. 
A. Detail from an excretory urogram. 


of previous left nephrectomy for “hydronephrosis.” 
B. Voiding cystourethrogram showing tremendous urethral dilatation. 


to bladder neck and meatal obstruction. 


exclude urinary tract obstruction, particularly 
im patients in whom serious damage has 
not resulted. ‘‘Pyelonephritis’’ is a diag- 
tosis of exclusion in infancy and child- 
tood, and until urinary tract obstruction 
tas been ruled out by all possible means, 
the patient has not been adequately in- 
vestigated (1, 2). 

Cystoscopy is relatively ineffective in 
‘valuation of the posterior urethra and the 


1 


Children’s Hospital, Louisville, Ky. 
‘orth America, Cincinnati, Ohio, Dec. 4-9, 1960. 


bladder reck and a complete study of the 
urinary tract in patients with continuously 
infected urine must include a_ voiding 
cystourethrogram. This examination is 
the most efficient method of demonstrating 
obstructions in the bladder neck and 
urethra, and of analyzing the competency 
of the ureterovesical junctions. In many 
respects, its importance equals that of the 


P. H., seven-year-old male. 
Normal appearing bladder in a patient with a history 


The right side is obstructed. 
This is secondary 


excretory urogram in urinary tract studies 
in infants and children (Fig. 1). 


TECHNIC 


There are many satisfactory methods of 
performing voiding cystourethrography 
(3-5). The basic gain, from the radiol- 
ogist’s point of view, is the detection of 
morphological abnormality. Physiologic 
findings are of secondary importance. 


‘From the Departments of Radiology and Urology, The University of Louisville Medical School and the 
Presented at the Forty-sixth Annual Meeting of the Radiological Society of 
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4. Use spot films. 


voiding 


Technic for performing cysto- 


urethrography. 


Fig. 2. 


The voiding cystourethrogram should be 
obtained following the excretory urogram 
or retrograde pyelogram, since the detec- 
tion of ureteral reflux will be impossible 
if the ureters are already opacified from 
a previous study. The bladder capacity 
is of little significance to the radiologist, 
since this is to a great extent contingent 
upon the presence of an outflow tract ob- 
struction, and it is the discovery of this 
obstruction which is of primary impor- 
tance. 

The patient is catheterized and a sample 
of urine obtained for culture and determina- 
tion of sensitivity of the organisms to the 
different antibiotics if necessary. In older 
males Xylocaine ointment is injected into 
the urethra through a small catheter in- 
serted just past the meatus. After a few 
minutes, the regular catheter is passed into 
the bladder. 

A water-soluble opaque material (Hy- 
paque 20 per cent’) is injected with a 

2? Hypaque Sodium Solution 20 per cent, brand of dia- 


trizoate sodium, Winthrop Laboratories, New York, 
N.Y. 
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TABLE I: VOIDING CYSTOURETHROGRAMs 


Total number of 
Normal (including 15 postoperative ‘lee 
171 
Abnormal......... 
14 
Posturethral and bladder neck 
obstructions 
Neurogenic bladder............... 
Cystitis (radiologic manifestations). 


CO 


syringe while the bladder is monitored 
through the image amplifier. Any ab. 
normality during injection, such as reflux 
is recorded on a spot-film. When the 
bladder is distended and the patient js 
ready to void, the catheter is removed 
(Fig. 2). During voiding, spot-films (with 
the 4 in 1 spot-film device) are obtained 
in various projections. In general, the 
male child is filmed in the semiobligue 
projection, and the female in both the 
frontal and oblique projections if possible 
(Figs. 3 and 4). Usually between eight 
nd twelve films can be obtained during 
the act of micturition. After micturition, 
if some opaque medium is still retained, 
the patient is allowed to go to the toilet 
to empty the bladder under more normal 
circumstances. Another plain film is then 
taken. 

The volume which the bladder can hold 
depends on its degree of irritability and the 
age of the patient. In general, it ranges 
from approximately 1 ounce in the newbom 
infant to approximately 6 ounces in the 
three- to five-year-old group, and, in older 
children, to possibly 8 to 10 ounces. 

It may be difficult to initiate voiding 
in the older child, and various stratagems 
must be resorted to, such as upright post 
tioning on the tilt table or reinserting the 
catheter and then, while pulling it out, 
exerting some suprapubic pressure. In 
smaller children who cannot co-operate, 
moderate distention of the bladder, a 
companied by suprapubic pressure, will 
almost always initiate micturition. [0 
our experience, this procedure may be 
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dificult to perform, and the frustrations 


“ae in trying to initiate voiding in a 

ote ‘three-year-old may be great. With 

137 increasing experience, however, satisfactory 
voiding cystourethrograms are obtained 
in almost 100 per cent of the cases. 


MATERIAL 


Three hundred and eight voiding cysto- 
urethrographic studies have been performed 
sith the above technic; in 137 examina- 


Onitored 
ab- 
reflux, 
hen the 
itient is 
removed 
ns (with 
tained 
ral, the 
ioblique 
oth the 
possible 
eight Fig. 4. S. A., four-and-a-half-year-old female. 
| during Normal voiding cystourethrogram. The vaginal 
‘urition, a4 reflux is very common and apparently of no clinical 
significance. 

etained, 
1e toilet > . that, if continued, it may eventually lead 
normal _ to destruction of the kidney involved 
| is then (6-10). This effect may be secondary to 

: 4 the increased pressure in the tract, but 
an hold dé : : more than likely is also caused by repeated 
and the implantation infections of the upper tract 
; ranges from the pyogenic lower tract urine. Re- 


1ewborn ie 3 S. H., two-and-a-half-year-old male. Nor- flux is a threshold phenomenon and may 
in the ret waed cystourethrogram. The verumontanum occur at first only when a certain intra- 
in older vesical pressure is exceeded. A static 


tions some abnormality was shown. The cystogram obtained with a full bladder 
voiding § yield is extremely high for the number of may therefore fail to show reflux which will 
tagems studies performed, but it should be stressed be easily visualized during micturition, 
ht pos # that most of the patients were otherwise when the intravesical pressure is at its 
ting the J ealthy children seen because of repeated highest. In patients with reflux, the 
it out, @ winary tract infection. Distribution of ureter may frequently be visualized sev- 
re. In § theabnormalities in this series is shown in eral times during emptying, both as it fills 


yperate, lable. from reflux and as it empties under its own 
ler, ac peristaltic pressure; or the reflux may be 
re, will ABNORMALITIES DETECTED transitory and observed and _ recorded 
on. In |. Ureteral Reflux: tis generally con- once during micturition. 


nay be @ ceded that urinary reflux is abnormal and The causes of reflux are still obscure and 
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patient with cystitis 


is filled as the patient voids. 
bladder completely filled. 


cystourethrogram showing bilateral reflux. 


7 


and transient reflux. 


Fig. 6. P. H., five-year-old male. Voiding cysto- 
urethrogram. A large congenital bladder diverticulum 


It is not seen with the 
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Fig. 5. L.S., female two and a half years old. A. Normal excretory urogram. B. Voiding 
The bladder neck is normal. This represents a 


are undoubtedly related to pressure 
changes in the bladder, as well as to dis. 
turbance of the normal valvular mechanism 
at the ureterovesical junction by peri- 
ureteric change (Fig. 5). It is obvious 
in our clinical material that in most in- 
stances of reflux the correlation with the 
cystoscopic findings is poor. The cystos- 
copist is, more frequently than not, unable 
to predict which of the orifices will allow 
reflux, and only in an advanced case will 
the cystoscopic and cystographic findings 
correspond. 

Reflux may be secondary to primary 
bladder inflammatory disease or to ob- 
struction lower in the tract, as in the 
bladder neck or posterior urethra. In 
the latter case it may be compared to 
esophageal reflux in patients with pyloric 
stenosis. The reflux itself is a secondary 
sign of urinary tract obstruction, and it 1s 
correction of this obstruction that is a pt 
mary therapeutic aim. Detection of reflux 
must not of itself be the sole purpose of 
voiding cystourethrography. 

Reflux may be reversible, though at the 
present time we have no exact criteria to 
separate those cases in which it will correct 
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Fig. 7. M. R., female two and a half years old. 
A. Voiding cystourethrogram demonstrating ‘“‘collar’’ defect in the bladder neck. 
B. Voiding cystourethrogram two months after surgical Y-V procedure. The bladder neck 
is now widely patent. 


‘Tessure itself after cure of a primary cystitis or urinary tract obstruction, and their sur- 
to dis- the repair of a lower urinary tract ob- gical removal may be necessary. In 1 
hanism struction. In many patients with cystitis, case (11) it was extremely difficult to find 
y pen reflux disappears several weeks following 

obvious adequate antimicrobial therapy. 

lost mn- The presence or absence of peristalsis 

ith the in the ureter should be observed since, if 

cystos- the case is advanced and peristaltic action 

unable is lost, reimplantation of the ureter will 

allow be ineffectual. 

ase will The presence of inflammatory change in 

ndings the bladder is more accurately assessed 


by the cystoscope than by cystography. 
It should again be stressed that cystitis 
will follow any chronic obstruction of the 
in the lower urinary tract and will not be re- 
a. In lieved until the accompanying lesion is 
red to corrected. 
2. Diverticula of the Bladder: WDiver- 
rey ticula of the bladder in infants and children 
it is are probably true diverticula and con- 
xi genital in origin. Frequently they will 
sage not be shown when the bladder is fully 
se 0 distended, and visualization will be effected 
oly during voiding, when the increased 


rimary 
to ob- 


ria to intravesical pressure will force the opaque Fig. 8. K. S., male aged one year, ten months. 
material into i i qj ; Voiding cystourethrogram showing a marked bladder 

orrect the diverticulum (Fig. 6) * neck obstruction and bilateral ureteral reflux. The 


These diverticula may be the site of chronic — verumontanum is enlarged and obstructive. 
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the diverticulum at surgery, and only the 
fact that it was obvious on the roent- 
genogram resulted in its being uncovered. 
3. Urethra and Bladder Neck Defect: 
The antegrade visualization of the urethra 
and bladder neck gives the truest picture of 
these structures in the examination of the 
lower urinary tract. In many young 
female patients with repeated bouts of 
urinary tract obstruction, a ‘‘collar’’ defect 


Fig. 9. 
A. Cystogram. Urethral valves. 
uropathy was evident on the excretory urogram. ) 


B. Voiding cystourethrogram four months after resection of valves. 


urinary stream. 


is noted at the bladder neck (Fig. 7, A), 
the etiology of which is obscure (12, 13). 
A plastic Y-V procedure in this area 
has resulted in marked relief in most 
patients, and on postoperative voiding 
cystourethrograms the defect has disap- 
peared and the urethra has become nor- 
mal in appearance (Fig. 7, B). 

Bladder-neck obstruction is more un- 
usual in males than in females but, when 
it does occur, the damage to the upper 
tract appears to be much greater at an 
earlier age. In general, the excretory 
urogram will be abnormal in these young 
male patients (Fig. 8). 

In the great majority of patients with 
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obstructive defects of the bladder neck 
and posterior urethra the upper tract is 
normal, and in our series duplication and 
other congenital variants in that area were 
quite rare. 

4. Urethral Valves: Voiding cysto- 
urethrography is the most satisfactory 
method of visualizing valves in the pos 
terior urethra (5, 14). Such valves lead 
to obstructive uropathy at a very early 


I. N., twenty-day-old male. ; 
The irritable bladder is secondary to infection. (Obstructive 


There is a fairly adequate 


age in male infants and must be suspected 
and sought for before there is permanent 
upper urinary tract damage (Fig. 9). 
A poor urinary stream may be the earliest 
sign. Valves are not found in female 
patients. 

5. Ectopic Ureter: In females, there 
may be ectopia of a ureter with the orifice 
in the posterior urethra, the vagina, or 
other external structure. The ectopic on 
fice is frequently missed at cystoscopy, 
but during voiding will often be revealed 
by reflux. In our experience, not all of 
these patients are incontinent, probably 
because the ectopic ureter enters just prox 
imal to the external sphincter. 
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CONCLUSIONS 


1. A normal excretory urogram does 
not rule out significant lower genitourinary 
tract disease in infants and children. 

9 A voiding cystourethrogram should 
be part of the radiological work-up in all 
children with recurrent pyuria. 

3 The diagnosis of “chronic pyelone- 
phritis”” should not be made in infants and 
children until lower urinary tract abnor- 
mality has been ruled out. 

4. Reflux is abnormal, and may be 
discovered only during the act of voiding. 

5. Voiding cystourethrography is the 
best method of detecting obstructive 
changes in the bladder neck and urethra, 
diverticula of the bladder, urethral valves, 
ectopic ureter, and reflux. A simple prac- 
tical method of performing voiding cys- 
tourethrography with conventional x-ray 
equipment is described. 


Childrens Hospital 
26 E. Chestnut Street 
Louisville 2, Ky. 
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Un cystourethrogramma vacuatori debe- 
rea esser un parte del examine radiologic in 
omne patientes pediatric con pyuria recur- 
rente, proque un normal urogramma excre- 
tori non exclude le presentia de un signifi- 
cative morbo del vias genito-urinari in- 
ferior in iste gruppo de etate, e usque le 
diagnose de obstruction del vias urinari ha 
essite excludite per omne medio possibile, 
on non pote asserer que le patiente es 
investigate adequatemente. 
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Early Physiologic Nephro-urography 


as a Test of Kidney Function’ 


RICHARD L. SIGGERS, M.D. 


QUIRE AND SCHLEGEL concluded from 
a recent study that the intravenous 
pyelogram is not a reliable test of renal 
function. The failure of these inves- 


fore set up to remedy this shortcoming 

Prior to intravenous pyelography A 
preliminary film is obtained. This jg of 
importance, since the presence of a rotated 


Fig. 1. Case I. A. On the two-minute film the nephrographic phase is visualized in the 
right kidney while the pyelographic phase is observed on the left. B. Three-minute film. 


tigators to demonstrate the disparity 
between the function of one kidney and 
the other was felt by the present writer 
to be attributable to the circumstance 
that films had not been obtained at an 
early enough time. A program was there- 


kidney may result in what may appear 
to be a unilateral nephrogram, or, if the 
kidney is rotated about its long axis, It 
may seem shorter than its fellow and, 
in the absence of a function test, may be 
mistakenly regarded as diseased. 


1 From the Veterans Administration Hospital, Long Beach, Calif. Accepted for publication in January 1961. 
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EarLy NEPHRO-UROGRAPHY AS A TEST OF KIDNEY FUNCTION 


Fig. 2. Case I. 


Thirty cubic centimeters of 50 per cent 
Hypaque Sodium, by weight, is injected 
through a 20)- to 22-gauge needle in two to 


fity seconds. The first film is obtained 
ome minute after the beginning of the 
injection, e.g., ten seconds after its termina- 
tin if it takes fifty seconds, twenty 
econds after its termination if it takes 
jorty seconds, ete. A second film follows 
ome minute after the first, and a third 
one minute after the second. Occasion- 
ally, it will be necessary to run the films 
sequentially into the four- ard five-minute 
period. For brevity at our institution, 
this examination has been called ‘‘one- 
two-three intravenous pyelography.”’ 

The findings can be summarized as 
‘ollows : 

‘¢) When the one-minute film is ex- 
posed, a nephrogram, including a_ glo- 
merulonephrogram as well as a tubular 
tephrogram, is obtained. This is denser 
than on the plain film. At two min- 
ites (in a normal patient) the nephro- 
waphic effect is fully apparent, and in 
three minutes (in normal patients, without 
devated blood pressure) bilateral calyceal 
ielineation has begun. As the calyces 
‘ppear, there is a gradual decrease in the 


Aortogram showing narrowing of right renal artery. 


““nephrographic”’ effect, due to successive 
dilution of the contrast material by urine 
within the parenchymal substance of the 
kidney. In (essential) hypertensive pa- 
tients, the calyces are often seen on the 
two-minute film. It would seem, there- 
fore, that the rapidity with which the 
medium traverses the kidney is due to 
the renal arterial blood pressure. 

(6) After obtaining the one-, two-, and 
three-minute physiologic or functional films, 
the routine five-, ten-, fifteen-, and twenty- 
minute morphologic films are exposed. 
Sometimes it is necessary to carry the se- 
quential physiologic exposures to four 
minutes. 

The important question is whether 
or not there is differential function be- 
tween right and left kidneys in the early 
one-, two-, and three-minute films. The 
easiest end-point to delineate is the caly- 
ceal stage, 7.e., in which kidney the calyces 
are first shown. 


CLINICAL REPORTS 


Case I: A 41-year old white male bartender was 
admitted to the VA Hospital, Long Beach, Calif., 
April 5, 1960, in heart failure with cardiomegaly. 
He gave a four-year history of hypertension, 200/135 
mm. Hg. 
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Fig. 3. Case I. Normal findings on one-two-three intravenous pyelography five months after 
surgery. 


Physical examination revealed hypertension of 
200/135 to 220/110 mm. Hg in the right and left 
arms in the recumbent position, and 300/155 mm. 
Hg in the leg. Minimal arteriolar narrowing of the 
retinal vessels was present, with no evidence of 
hemorrhages or exudates. 

Laboratory studies showed blood urea nitrogen of 
22 mg. per cent and a fasting blood sugar of 64. 
Serum potassium was 4.5 milliequivalents per liter, 
with 105 milliequivalents of chlorides, 137 milli- 
equivalents per liter of sodium, and a bicarbonate 
level of 25 milliequivalents per liter. Twenty-four- 
hour urinary catecholamines were 2 gamma _ per 
cent. The regitine test was negative. A Fishberg 


concentration test revealed maximum concentt 
tion to 1.017. Serum creatinine was 0.9 mg. pe 
100 c.c. 

In the ‘“‘one-two-three” pyelographic study the 
differential excretion of contrast material was such 
that at two minutes the right kidney still remained 
in the nephrographic phase, while the left had 
progressed to the pyelographic phase (Fig. !) 
The patient was given digitalis, put on @ low-salt 
diet, and treated with reserpine, Diuril, and Apres 
line without any change in blood pressure. At 
aortogram revealed unilateral right renal artey 
constriction (Fig. 2). Ureteral catheterization 
showed differential sodium excretion, the left kidne 
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Fig. 4. Case II. 


Intravenous pyelograms leading to suspicion of a Goldblatt kidney. 


Note 


differential excretion on four-minute film (B). 


‘creting approximately ten times as much urine 
as ‘he right, with a sodium concentration of 77 to 
‘ milliequivalents per liter as compared to 10 to 

++ milliequivalents per liter on the opposite side. 
“nce the results of these tests were thought to fulfill 
‘oward’s criteria for unilateral renal disease second- 


ty to ischemia of the kidney, 
scheduled. 

A right renal endarterectomy and appendectomy 
were performed. The obstruction was found to be 
‘Dartenosclerotic plaque, described by the patholo- 
*St as a “hyaline chondroid plaque.”’ Five months 
iter surgery, the blood pressure had gradually de 
meased to 140/90 mg. Hg. and repeat one-two 


operation was 


three pyelography showed normal findings bi- 
laterally (Fig. 3). At the time of submission of this 
paper, the patient was asymptomatic. 


Case II: A 51-year-old white male was admitted 
to the Long Beach VA Hospital with a history of 
bloody urine and hypertension since Sept. 5, 1960. 
In April 1960 acute anterior pain in the chest had 
been described as a heart attack. Blood pressure 
was found to be high at that time. 

Physical examination revealed a fairly normal 
male with a blood pressure of 196 114 mm. Hg in 
the right arm and 196/116 in the left. No definite 
funduscopic changes other than slight narrowing 
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Fig. 5. Case IT. 


of the arterioles was found. The patient mentioned 
left upper quadrant pain on palpation. 

Electrocardiography showed ventricular hyper- 
trophy on the left. Urinalysis revealed 70 to 
80 red blood cells per low-power field, with al- 
bumin 1+. Concentration was to 1.015. Sodium 
was reported at 138 milliequivalents per liter, potas- 
sium at 5.1 milliequivalents per liter, chlorides at 
100 milliequivalents per liter, calcium at 11.8 milli- 
equivalents per liter, and phosphorus at 3.8 mg. per 
100 c.c. The creatinine clearance was 114 c.c. per 
minute. The catecholamines were 7 micrograms 
per 100 c.c. The one-two-three films were extended 
to the four-minute level and showed differential 
function between the right and left sides. A Gold- 
blatt left kidney was suspected (Fig. 4). 

Aortography showed a block just distal to the bi- 
furcation of the left renal artery, measuring + mm. 
in extent (Fig. 5). 

A Howard test demonstrated differential function 
between the two kidneys, and operation was 
scheduled. A generalized arteriosclerosis of the 
aorta was seen at surgery. The left common iliac 
artery was almost completely occluded, and a block 
due to an arteriosclerotic plaque was present | cm. 
from the origin of the left renal artery. A left renal 
endarterectomy under hypothermia (32°C.) was 
performed. In the postoperative period, there was 
a fall in blood pressure to 156/90 mm. Hg. 


CONCLUSIONS 
Intravenous pyelography, if performed 
soon enough after injection of contrast ma- 
terial, delineates arterial insufficiency of 


RICHARD L. SIGGERS 


Aortogram showing block just distal to bifurcation of left renal artery. 


the kidney. Films should be obtained s- 
quentially at one-minute intervals begin. 
ning at one minute from the commencement 
of injection and continued until bilateral 
calyceal delineation is depicted. Arterial 
insufficiency will be defined by the differ- 
ence between the rapidity of appearance 
of the calyceal phase in the two kidneys 
The Goldblatt kidney, therefore, can be 
defined by pyelography. 


Long Beach Veterans Hospital 
Long Beach, Calif. 
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SUMMARIO IN INTERLINGUA 


Precoce Nephrourethrographia Physiologic Como Test del Function Renal 


Pyelographia intravenose, si effectuate 
satis precocemente post le injection del 
yibstantia de contrasto, servi como test 
del function renal. In pelliculas obtenite 
2 intervallos de un minuta a partir de un 
minuta post le comenciamento del injec- 


tion, insufficientia arterial del renes es 
definite per le differentia in le rapiditate 
del apparition del phase calycee inter le 
duo lateres. Le ren de Goldblatt, per 
consequente, pote esser definite per pyelo- 
graphia. Duo casos es presentate. 
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Calculation of the Dose Distribution in Circumaxial 
Rotation Therapy with 280-kvp Radiatio, 


H. F. BATHO, Ph.D., and M. F. J. YOUNG, M.Sc. 


—_ CALCULATE the distribution of dose 
produced circumaxial rotation 
therapy, it is customary to represent the 
moving field by a number of stationary 
fields. The quantity which is normally 
measured is the exposure dose rate in air 
at the centre of rotation. From this, the 
contribution of each stationary field to the 
exposure dose at the centre of rotation 
with the patient in the beam can be deter- 
mined easily and accurately by means of 
Johns’ tumour-air ratios (1, 2). 

The dose at points other than the centre 
of rotation can, in theory, be determined 
with fair accuracy by _ straightforward 
application of conventional isodose charts 
to each of the fixed fields used to represent 
the moving field. This requires, in general, 
a different isodose chart for each stationary 
field since the focus-skin distance and the 
area of the field on the skin differ for each 
field. Unless approximations are made, 
the procedure is impractical for routine 
work because of the large number of 
isodose charts required. Some suitable 
approximations have been investigated by 
Quimby and her co-workers (3, +4). 
Wheatley (5) avoids the use of isodose 
charts by estimating the primary and 
secondary dose contributions at each re- 
quired point from empirical central axis 
depth-dose tables. In practice the calcula- 
tions by Wheatley’s method are laborious 
since they require that, for each point in 
each fixed field, a correction factor be ob- 
tained from the tables for each variable 
involved. 

For cobalt-60 radiation, Braestrup (6) 
and Jones (7) have found that it is satis- 
factory to use a single isodose chart for 
each field size at the centre of rotation, 
irrespective of the changing source-skin 


distance and changing field size on th, 
skin. This is possible because, for higt 
energy radiation, the ratio of the dos 
at two given points is almost independen: 
of the thickness of overlying tissue. 

In Braestrup’s method, the exposure 
dose at the centre of rotation is determine 
accurately by means of tumour-air ratios 
The dose at other points relative to th 
dose at the centre of rotation is read fo 
each fixed field from an isodose char 
plotted with the dose at the centre of rota. 
tion (rather than the maximum dose in 
the field) as 100 per cent. In determining 
the dose at any point due to one stationary 
field, the chart is placed so the 100 per cent 
point is at the centre of rotation and the 
percentage dose at the point as read from 
the chart is multiplied by the tumour-air 
ratio for the field; the total dose at the 
point for one complete revolution is found 
by taking the sum of doses from each of the 
fixed fields. 

The present investigation was designed 
to determine the minimal modifications 
in Braestrup’s method necessary to make it 
applicable to rotation techniques with con- 
ventional deep therapy x-rays. The pro- 
cedure was to determine the experimental 
dose distribution in a water phantom due 
to circumaxial rotation with given irradia- 
tion conditions and to compare this distri 
bution with the distributions calculated on 
different assumptions or approximations 
It was not found satisfactory to follow 
Braestrup’s procedure of using a single 
isodose chart for each field size, regardless 
of the focus-skin distance, but it has been 
possible to obtain acceptable agreement be 
tween calculated and experimental distr: 
butions with only a limited number 0 
isodose charts. 


! From the British Columbia Cancer Institute, Vancouver, B. C., Canada. Accepted for publication in Febru- 
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Dose DISTRIBUTION IN CIRCUMAXIAL ROTATION THERAPY 


Vol. 77 


PROCEDURE 
All experimental irradiations in _this 
investigation were made with a Picker 
vanoyard x-ray unit operated at 280 kvp 
dded filter of 0.50 mm. Sn + 0.25 
+ 1,0 mm. Al, yielding a half- 


Vangu 
with a 
mm. Cu 


layer of 3 mm. Cu. The distance 
irom the target to the axis of rotation with 


this unit is 65 cm. 

"Af dose measurements were made with 
, Baldwin-Farmer Substandard  Dose- 
aeter. This necessitated successive rather 
than simultaneous measurements at 
ifferent points in a phantom; this pro- 
wdure was satisfactory since the output of 
the Vanguard is constant within | or 2 per 
vat. (Simultaneous measurements with 
Raldwin BD2 ionization chambers were 
ged in the early stages of the work but 
these were found less reproducible than 
siccessive measurements with the Sub- 
standard Dosemeter.) 

Three Plexiglas tanks filled with water 
were used as phantoms in the investiga- 
tion. These had dimensions as follows: 

a) Small. A cylinder of elliptic cross 
section, major axis 20 cm. and 
minor axis 15 cm. 

Large. A cylinder of elliptic cross 
section, major axis 40 cm. and 
minor axis 3 cm. 
Medium. A model of a chest, the 
mean section having a lateral di- 
mension of 33 cm. and an antero- 
posterior dimension of 24 cm. 
The field sizes in the investigation were 
+X 6,6 X 6,6 18, and 8 X 18 sq. cm., 
illas measured at the centre of rotation. 

For purposes of calculation, isodose 
‘harts were prepared for each of the above 
ield sizes for five different focus-skin 
listances: 40, 45, 50, 55, and 60 cm. The 
lepth-dose data from which these charts 
were drawn were calculated from central 
ais depth-dose data for the appropriate 
?S.D. by the equivalent circle method of 
Jones (8) and Day (9) with equivalent 
radii as determined by Batho, Theimer, 
ud Theimer (10). The computations 
vere made with an ALWAC IIIE elec- 
‘onic computer (11). The central axis 
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depth-dose data for 50 cm. and 60 cm. 
F.S.D. were taken from the British Journal 
of Radiology, Supplement V, and the 
central axis data for 40, 45, and 55 ecm. 
F.S.D. were derived from these data by 
the method described by Johns (2). 
The isodose charts were plotted with the 
dose at the centre of rotation as 100 per 
cent (7.e., since the source-axis distance 
was 65 cm., the depth doses computed for 
60 cm. F.S.D. were divided by the central 
axis dose at 5 cm. depth, the depth doses 
for 55 em. F.S.D. were divided by the 
central axis dose at 10 cm. depth, etc.). 
The charts showed the scatter beyond the 
geometrical edges of the beam to at least 
20) per cent and usually to 10 per cent of the 
value at the centre of rotation. 

In calculating dose distributions the dose 
at any point was determined as in 
Braestrup’s method. In general, the rotat- 
ing field was represented by 24 stationary 
fields. However, for points outside the 
continuously irradiated volume, for those 
stationary fields where the geometrical 
edge of the rotating field would move 
across the point considered and the dose 
within and without the edge differed 
appreciably, a weighted mean of the dose 
within and without the edge was used, 
the values being weighted in proportion to 
the time the point was inside or outside 
respectively. With this precaution, a 
smooth curve could be drawn through the 
calculated points such that all points lay 
within +3 per cent of the curve. The 
departure of the points from the curve can 
be explained adequately by the possible 
errors in the isodose curves used, the 
inherent error in replacing the rotating field 
by a finite number of stationary fields and 
errors of interpolation. The smooth curve 
only is shown in the graphs which follow. 


RESULTS 
In all cases where the dose at the centre 
of rotation was measured directly, the 
difference between the measured value and 
the value calculated by means of tumour- 
air ratios was less than the error of measure- 
ment. 
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Figs. | and 2. Dose distribution in elliptical water 
phantoms (phantoms a and 6 of text) with centre of 
rotation at centre of phantom. Distribution shown is 
from the centre outward along the major axis of the 
ellipse in each case. 

Solid curves. Each curve calculated with the isodose 
chart for the F.S.D. shown on the curve. (Calculated 
curves identical for small and large phantoms. ) 

Crosses. Experimental points with small phantom. 
(Mean F.S.D. = 56.4 cm.) 

Circles. Experimental points with large phantom. 


(Mean F.S.D. = 46.4 cm.) 


September 


Figures 1 to 4 are typical of the results 
obtained when measured and calculated 
distributions in the various phantoms wer 
compared for the different field sizes given 
above. 

In Figures | and 2 the centre of rotation 
was at the centre of the phantom and the 
distribution shown is from the centre out 
ward along the major axis of the ell 
The calculated distributions are sho a 

WN as 
solid lines and the experimental measure. 
ments as points. For each solid line, 
single isodose chart was used (F.S.D. shown 
on the diagram). It is to be noted that 
with a given isodose chart the same cal- 
culated distribution is obtained for either 
the small or large ellipse (phantoms a and} 
above), 7.e., each solid line can be taken 
as the calculated distribution for either 
phantom. The identity of the two cal- 
culated distributions arises from the fact 
that the two elliptical phantoms are of such 
shape that the larger can be produced by 
surrounding the smaller by an annulus of 
constant width. 

Within the region which is continuously 
irradiated during the rotation, the differ- 
ences in the distributions calculated with 
different focus-skin distances are usually 
negligible but, outside this region, the 
larger the field size the more marked the 
differences. For the small phantom, with 
the centre of rotation at the centre of the 
phantom the range of focus-skin distances 
is 55.0 to 57.5 cm. with a mean F'S.D. 
of 56.4 cm. For the large ellipse, the 
range of F.S.D’s is 45.0 to 47.5 em. witha 
mean value of 46.4 cm. Within the 
limits of accuracy of measurement and 
calculation, the experimental points are in 
agreement with the values to be expected 
from the mean F.S.D. of each phantom. 
Similar agreement was obtained when 
distributions calculated and measured in 
the medium phantom were compared. 

With the centre of rotation at the centre 
of the phantom, the dose distribution along 
the minor axis of the phantom is essentially 
similar to that along the major axis but 
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FROM CENTRE OF PHANTOM cm. 


bxbem FIELD 


PERCENT ©F DOSE AT CENTRE OF ROTATION 


4 fo) 4 
DISTANCE FROM CENTRE OF ROTATION cm. 
Figs. 3 and 4 
centre of phantom. 

Fig. 3. 
Fig. 4. 
Solid curves 
Dashed curves. 


DISTANCE FROM CENTRE OF PHANTOM cm. 
2 6 10 14 18 


8 x 18cm FIELD 


8 8 


PERCENT OF DOSE AT CENTRE OF ROTATION 


DISTANCE FROM CENTRE OF ROTATION cm 


Dose distribution in water phantoms with centre of rotation displaced 10 cm. laterally from 
The distribution shown is along the major axis. 

Distribution in medium phantom; 6 X 6 sq. cm. field. 

Distribution in large phantom; 8 X 18 sq. em. field. 

Each curve calculated using the isodose chart for the F.S.D. shown on the curve. 
Calculated with ‘‘nearest’’ F.S.D. for each stationary field. 


Crosses. Experimental points with medium phantom. 


Circles. 


the relative doses outside the continuously 
irradiated region are higher. ; 

A more critical test of any method of 
calculating distribution is obtained when 
the centre of rotation is displaced from the 
centre of the phantom since the range of 
focus-skin distances is increased greatly. 
Figures 3 and 4 are typical of the results 
obtained when the centre of rotation is 
displaced from the centre of the phantom. 
In these figures calculated and experi- 
mental distributions along the major axis 
of the phantom are compared for cases in 
which the centre of rotation is displaced 
\) em. laterally from the centre of the 
phantom. The field size and size of 
phantom are shown on each figure. Each 
solid curve was calculated with a single 
isodose chart (F.S.D. shown on the curve). 
The dashed curve in each figure was 


Experimental points with large phantom. 


calculated with several isodose charts, 1.e., 
the percentage depth doses due to each 
fixed field were read from the isodose chart 
for the F.S.D. most nearly correct for that 
field. This procedure has been indicated 
on the diagram by labeling the curve 
“nearest F.S.D.” 

With the centre of rotation displaced 10 
cm. laterally from the centre of the phan- 
tom, the range of F.S.D.’s for the “‘me- 
dium” phantom is 38.5 to 58.5 em. and the 
mean F.S.D. is 51.9 cm. For the large 
phantom, the range is 35 to 55 cm. and 
the mean 47.6 cm. The mean F.S.D. of 
the ‘‘near’’ side of the phantom (7.e., the 
mean of the 12 radii on the side toward 
which the centre of rotation is displaced) 
is 57.2 cm. for the medium phantom and 
53.3 cm. for the large phantom. It will 
be seen that the best agreement with the 
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DISTANCE FROM CENTRE OF ROTATION cm. 
Fig. 5. Comparison of lateral distributions for two 
fields of the same width but different lengths. Centre 
of rotation 6 cm. lateral to centre of phantom. Medium 


phantom. 
Solid curve. Calculated for 6 X 6 sq. cm. field. 
Crosses. Experimental points for 6 X 6 sq. cm. 
field. 
Dashed curve. Calculated for 6 K 18 sq. cm. field. 
Circles. Experimental points for 6 X 18 sq. em. 
field. 


experimental points was obtained by using 
the “nearest F.S.D.”’ for each field but a 
fair approximation can be obtained by 
using one chart for all fields if the F.S.D. 
chosen is the mean F.S.D. for the ‘“‘near 
side’ of the phantom rather than the 
mean for all fields. 

Figure 5 is typical of a set of figures pre- 
pared to show the effect upon the dose 
distribution of changing the length but not 
the width of the field. The fields com- 
pared are 6 X 6 sq. cm. and 6 X 18 sq. cm. 
The calculated values were derived by 
using the most nearly correct F.S.D. for 
each field. 


DISCUSSION OF RESULTS 


For 280-kvp radiation, if interest is 
confined to the distribution of dose within 
the continuously irradiated volume, varia- 
tions of F.S.D. may be ignored without 
serious error and a single isodose chart for 
each field size is sufficient. 


If an isodose 
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chart plotted for an F.S.D. of (R-15) om 
where is the radius of rotation, ig 
for all cases the error within the con- 
tinuously irradiated region is unlikely tp 
exceed 5 per cent. 

For estimates of dose at points outside 
the continuously irradiated volume 
changes in F.S.D. cannot be ignored 
without introducing significant errors, }; 
appears sufficient, however, to prepare 
isodose charts for 5 cm. intervals of FS), 
and, so long as the centre of rotation 
coincides with the centre of the body, it is 
permissible to use a single isodose chart for 
all fields, choosing the chart for the FS). 
most nearly equal to the mean FS). 
of the section. This procedure is more 
likely to lead to significant errors for large 
fields than it is for small fields since for 
large fields, a 5 cm. change in FSD, 
causes a greater change in the calculated 
distribution. The error, however, will 
seldom exceed 5 per cent of the dose at the 
centre of rotation. 

With eccentric tumours, the assumption 
of constant F.S.D. for all fields (7.e., the 
use of a single isodose chart for all fields) 
can result in appreciable distortion of the 
distribution (e.g., see Fig. 4). This distor- 
tion is substantially avoided and the errors 
are reduced considerably by using for each 
field the isodose chart for the F.S.D. most 
nearly equal to the true F.S.D. for the 
field. If, with eccentric tumours, a single 
isodose chart is to be employed for all fields, 
the chart chosen should be that for the 
F.S.D. most nearly equal to the mean 
F.S.D. for the ‘‘near’’ side of the section. 
There is, however, little saving in time in 
using a single isodose chart and, as pointed 
out above, some loss in accuracy. 

With eccentric tumours in large body 
sections, fields with focus-skin distances as 
small as (R-25) cm. may be encountered 
in practice (where R is the radius of revolu- 
tion). Such fields, however, seldom con- 
tribute appreciably to the total tumour 
dose. It appears satisfactory to prepare 
isodose charts only for F.S.D.’s of (R-5), 
(R-10), (R-15), and (R-20) cm., using the 


latter chart for all fields for which the 
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tue F.S.D. is greater than (R-17.5) cm. 

From comparisons such as that shown in 
Figure 5, it is found that a change in the 
elongation factor of a field from 1:1 to 3:1, 
the width of the field remaining constant, 
changes the dose outside the continuously 
irradiated volume by 5 to 10 per cent, 2.e., 
produces a change comparable with that 
made by a 5 cm. change in F.S.D. It is 
consistent, therefore. with the approxima- 
tions proposed above to use only two 
isodose charts for all fields of a given width, 
one for square or nearly square fields and 
one for more elongated fields. Isodose 
charts for + X 4,4 X 12,5 X 5,5 X 15, 
6X 6,6 X 18,7 X 7,7 X 18, 8 X 8, and 
8 X 20 sq. cm. should be sufficient for all 
felds of width 4 to 8 cm. (Fields of 
greater width than 8 cm. are unlikely to be 
used with 280-kvp radiation since with 
wider fields there is little localization of 
dose). 

Thus, 40 isodose charts (10 different 
field sizes for each of four different F.S.D.) 
are sufficient to determine dose distribu- 
tions with acceptable accuracy for all field 
widths from 4 to 8 cm. in all body sections 
likely to be encountered in practice in 
circumaxial rotation with conventional 
deep therapy x-ray equipment. This is 
scarcely greater than the number of isodose 
charts required for stationary therapy with 
similar equipment. The preparation of 
the charts is facilitated greatly by the use of 
an electronic computer to compute the 
necessary depth-dose data. 

The limitation in the number of isodose 
curves used to determine dose distributions 
as here proposed results in errors in relative 
doses only. These errors are greatest at 
points remote from the centre of rotation 
and approach zero as the centre of rotation 
's approached.” The absolute dose at the 
centre of rotation may be determined with 


* The distribution of the errors is similar to that in 
Farr’s method of dosage calculation (12) but no detailed 
jose of this latter method has been seen by the 

ors. 


(Pro le summario in interlingua, vider le pagina sequente) 
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considerable accuracy by means of tumour- 
air ratios. 

Quimby (3, +) has suggested that isodose 
charts for one or, at most, two F.S.D.’s are 
sufficient for each field size. The require- 
ment of isodose charts for four F.S.D.’s 
in the present work appears to be due to 
greater emphasis on the region outside 
the continuously irradiated volume. 

No test has been made of the accuracy 
which can be obtained when the approxi- 
mations here proposed are applied to arc 
therapy but it is to be expected that the 
agreement between calculated and experi- 
mental distributions would be similar to 
that obtained with eccentric tumours. 


British Columbia Cancer Institute 
Vancouver 9, B. C., Canada 
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Calculation del Distribution de Dosage in eee a Rotation Circumaxial con Radiation de 


Es presentate un methodo pro calcular 
le distribution de dose in therapia a rota- 
tion circumaxial con radiation de 280 kvp, 
a base de un modification minimal del 
methodo de Braestrup. Le dimensiones 
de campo esseva 4 X 6,6 X 6,6 XK I8,e 
8 X 18 cm’, omnes mesurate al centro del 
rotation. Pro le objectivos del calculation, 
diagrammas de isodoage esseva preparate 
pro cata un del dimensiones de campo pro 
cinque differente distantias foco-pelle, i.e. 
pro 40, 45, 50, 55 e 60 cm. 

In omne le casos in que le dose al centro 
del rotation esseva mesurate directemente, 
le differentia inter le mesurate valor e le 
valor calculate per medio de proportiones 
tumor-aere esseva minus que le error del 
mesuration. Intra le region que es ir- 
radiate continuemente durante le rotation 
le differentias in le distributiones calculate 
con differente distantias foco-pelle es usual- 
mente negligibile. Tamen, foras de ille 
region, le regula vale que quanto plus 
grande es le dimensiones del campo, tanto 
plus marcate es le differentias. Con le 
centro del rotation al centro del phantoma, 
le distribution del dose al longo del axe 
minor del phantoma es essentialmente 
identic con illo al longo del axe major, sed 
le doses relative foras del continuemente 
irradiate region es plus alte. Con le centro 
de rotation displaciate per 10 cm lateral- 
mente ab le centro del phantoma, le 
melior accordo con le punctos experimental 
esseva obtenite per le uso del plus proxime 
distantia foco-pelle pro omne campo par- 
ticular. 

Pro un radiation de 280 kvp—si le 
interesse es restringite al distribution del 


kvp 


dose intra le continuemente irradiate Vo- 
lumine—variation del distantia foco-pelle 
pote esser negligite sin serie error, e un gj 
diagramma de isodosage pro omne dimen. 
sion de campo es sufficiente. Si un dia. 
gramma de isodosage preparate pro uw 
distantia foco-pelle de R-15 cm (con 
R=radius de rotation) es usate pro omne 
casos, le error intra le continuemente 
irradiate region va_probabilissimemente 
non exceder 5 pro cento. In le caso de un 
tumor eccentric, le supposition de un con- 
stante distantia foco-pelle pro omne cam. 
pos pote resultar in un appreciabile dis- 
tortion del distribution. Iste distortion 
es substantialmente reducite e le resultante 
errores es considerabilemente attenuate 
si on usa pro omne campo le diagramma 
de isodosage pro le distantia foco-pelle 
que es le plus proximemente equal al ver 
distantia foco-pelle pro le campo in ques- 
tion. 

Le requirimento de diagrammas de iso- 
dosage pro quatro distantias foco-pelie 
in le presente studio pare resultar del plus 
grande attention prestate al region foras 
del continuemente irradiate volumine. Le 
limitation in le numero del curvas de iso- 
dosage usate pro determinar le distribu- 
tiones de dose (secundo le hic-presentate 
proponimento) resulta in errores in sol- 
mente le doses relative. Iste errores es le 
plus grande al punctos distante ab le cen- 
tro de rotation e approcha zero con le 
approche al centro del rotation. Le zero 
absolute al centro de rotation pote essef 
determinate con grados considerabile de 
exactitude per medio del proportiones 
tumor-aere. 
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The Treatment of Advanced Carcinoma of the Bladder 


| Report on 89 Patients Treated with Either Two-Million-Volt or Cobalt-60 Therapy or with a 
Combination of This Type of Irradiation and Surgery' 


HE TREATMENT of advanced carcinoma 
Toi the bladder has proved unsatisfac- 
wry, whatever the method, whether radio- 
therapy or surgery. The advent of ‘‘super- 
voltage therapy’ was therefore greeted 
with great hopes and expectations as a 
possible means of improving results where 
other procedures were known to have 
ailed. Various preliminary reports have 
appeared in the course of recent years on 
this subject, some describing favorable 
results, others less optimistic, but no large 
soups have been followed for five years or 
longer. 

It is hoped that this additional report 
ona total of S9 patients who were treated 
at the Francis Delafield Hospital, New 
York, between January 1951 and January 
(960 may add some information which will 
be helpful in the difficult problem presented 
by recurrent or primary advanced car- 
cinoma of the bladder. Two groups of 
patients will be evaluated: one, a group 
of 79 who received either two-million volt 
or cobalt-i) therapy, and a second, smaller 
group of 10, who were treated with a 
combination of radiation, either two- 
million-volt or cobalt-60 irradiation, and a 
surgical procedure. 

The group of 79 patients who were given 
either two-million-volt or cobalt-60 therapy 
will be considered first. Forty-two of these 
had already received various types of treat- 
ment when we saw them for the first time. 
Known distant metastases were present in 
|+ before the beginning of therapy. It is 
obviously difficult, if not impossible, to 
classify such a group according to the 
staging suggested by Whitmore and Mar- 
shall (Table I), but it can be said that none 
ol our cases were of Stage O or Stage A. 


RUTH GUTTMANN, M.D.,? and ANTONIO BAUZA, M.D.’ 


TABLE I: Tumor STAGING SUGGESTED BY WHITMORE 
AND MARSHALL (22) 


(Stage O Tumor limited to mucosa. 
|Stage Tumor not beyond submucosa. 
{Stage B, Tumor not more than halfway 
through muscle. 

Tumor more than halfway 
through muscle but not 
beyond muscle. 

Tumor beyond muscle but 
not metastatic. 

(Stage D, Tumor metastatic to points 

within the confines of the 
pelvis. 
Stage D. Tumor metastatic to points 
outside the confines of the 
pelvis. 


Stage A-B 


\Stage 


Stage C |Stage C 


Stage D 
Inoper- 
able 


Nine were classified as questionable Stage 
B,, but were more likely Stage B, when we 
first saw them. Fourteen were classified as 
Stage D. and the remaining 66 patients 
had disease of either Stage B. or Stages C 
or D;. Many of the tumors treated with 
other methods, originally not deeply in- 
vasive, had become advanced and deeply 
invasive at the time the patient was first 
seen in our hospital. 

Table II shows the microscopic classifica- 
tion of the disease in this patient group: 


TABLE II: Microscopic CLASSIFICATION OF DISEASE 
IN 79 PATIENTS 
No. of 
ype rade 

Type and Grade Patients 
Transitional-cell carcinoma 49 
Totally undifferentiated carcinoma 12 
Squamous-cell carcinoma 9 
Adenocarcinoma 2 
Carcinoma of the bladder 7 
79 


Sixty of the patients were male and 19 
female. Our youngest patient was thirty- 
seven and the oldest eighty-eight years of 
age at the beginning of therapy. 

The treatment approach in this group 
has depended on various factors; first, of 


‘From the Department of Radiotherapy (R. G., Director), Francis Delafield Hospital, New York, N.Y. Ac- 


cepted for publication in February 1961. 


* Associate Professor of Radiology, Columbia University, New York, N. Y. 


*Now in Ponce, Puerto Rico. 
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course, on the extent of the disease and 
on the previous treatment. Advanced 
recurrent carcinoma and cases with known 
metastases were treated with limited intent 
only, in the hope of controlling the local 
disease for some time, and of keeping the pa- 
tient comfortable as long as possible. The 
tumor dosage used in this group was 3,000 
r, delivered in three weeks through large 
opposing pelvic fields, though there were, 
of course, individual variations. Nor was 
the dosage in the other patients completely 
uniform. When this project was started 
in 1951, only a two-million-volt unit was 
available and treatment was administered 
through stationary opposing 15 X 15-cm. 
fields. A total tumor dose of 4,000 to 
6,000 r was delivered in four to six weeks, 
depending on the tolerance of the patient. 
When a rotating cobalt-60 unit was in- 
stalled in 1953, treatment was given with 
either full rotation or an anterior scanning 
approach through 6 X 15-cm. fields. The 
anterior scan was used in tumors where no 
penetration of the disease toward prostate 
or rectum had as yet occurred and it was 
felt that the rectum could therefore be 
spared. Full rotation, however, was 
applied when the disease had extended 
posteriorly and a full dosage to these areas 
seemed necessary. 

The daily tumor dose delivered in most 
cases was 200 r and only in the presence of 
severe infection was this decreased to 100 r. 
The immediate tolerance to this amount of 
radiation was good. We found it hard to 
evaluate an increase or decrease of fre- 
quency of burning pain under treatment, 
but we were certain about the definite im- 
provement of hematuria in many cases 
under therapy. Rectal irritation, spasm, 
or some diarrhea occurred in a small per- 
centage of patients and subsided after a 
short time. In one patient treated with 


6,000 r in forty-five days, autopsy showed 
considerable fibrosis of the rectal sigmoid 
area, with a fistula thought to be ‘‘most 
likely due to the previous radiation,” but 
altogether it can be stated that local toler- 
ance as well as general tolerance to a dos- 
age of this magnitude has been good. 
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In the attempt to evaluate the results 
of therapy in this group of patients with 
advanced carcinoma of the bladder, “8 
broke them down into the two Sroups inty 
which they had been originally divided 
namely, those treated with limited inten 
and those treated radically. In the first 
group, treated with limited intent becayy 
of previous aggressive therapy or known 
distant metastases, only a few patients 
were benefited for an appreciable tim 
(Table ITT). 


Period of Survival No. of 

Cases 
Died during radiotherapy 1 
Died within | month 8 
Died within 1-3 months 3 
Died within 3-6 months 2 
Died within 6-12 months 2 
Died within 1-2 years 1 
Died within 2-3 years () 
Died within 3 years 1 
No follow-up 4 


Of the 18 patients whom we were able to 
follow, all except 2 died within a year. 
One survived for three years in spite of 
the fact that his anaplastic carcinoma had 
extended to the abdominal wall. Since 
the majority of these patients had far ad- 
vanced disease, the relief of symptoms was 
difficult to evaluate, but from our ex- 
perience it seemed that, on the whole, 
decrease in hematuria was the most im- 
pressive symptomatic improvement. 


TABLE IV: RESULTS OF RADICAL THERAPY 


Period of Survival 
No follow-up 2 
0-6 months 12 
6-12 months 10 
12-18 months 7 
18—24 months 3 
2-3 vears 4 
3-5 vears 9 
5-8 vears 6 

53 


Table IV shows the survival results in 
53 patients in the more favorable group, 
namely, those who loaned themselves to 4 
more radical therapeutic approach. ; 

Following are detailed data on the lo 
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‘Co Classification and 
No. of Disease Total Dosage 
1. Papillary carcinoma, 

well differentiated, 
Stage By 
2 Transitional-cell car- 
cinoma, Grade III, 
Stage By 


Co: 7,000 r total dose 
1955 
Co™®: 2,400 r total dose 


in 12 days, Oct. 21 
Nov. 1, 1956 


9  Transitional-cell car- 
cinoma, Stage B» 


Co: 4,000 r total dose 
in 30 days, June 14 
July 14, 1959 


4 Transiti« mal-cell car- 
cinoma, moder- 
ately well differ- 
entiated Stage 


patients who survived three years and 
more. Two were classified as having 
Stage B, carcinoma and 13 Stage B» and C, 
and their survival over three years is en- 
couraging. One of the patients died of 
atteriosclerotic heart disease eight years 
alter completion of therapy, the other of a 
second primary carcinoma. Four patients 
are now alive without evidence of disease 
alter five to eight vears. 

Of the 9 patients who survived three 
vears, 2 had died in the meantime, 1 of 
heart disease with no evidence of tumor in 
the bladder at autopsy, the other of a 
second primary carcinoma in the lung, but 
possibly with residual disease in the 
bladder. This latter patient was treated 
for carcinoma of the lung in another 
hospital and died there. No autopsy was 
performed. Of the 7 patients who are 
alive, 2 are known to have recurrent or 
residual disease and a surgical procedure is 
contemplated in 1. The other 5 patients 
are without known evidence of disease. 

The microscopic classification of the 
tumors in these 15 patients was as follows: 
3 well differentiated papillary carcinomas 
with deep invasion of muscle, Stage Bp; 
| undifferentiated carcinoma, Grade IV, 
Stage C; 1 transitional-cell carcinoma 
which was classified as well differentiated 
with squamous metaplasia and deep in- 
vasion of muscle, Stage B.; 2 transitional- 
cell carcinomas, Grade III, 1 Stage B, and 1 
Stage B;; 1 moderately well differentiated, 
‘tage 7 transitional-cell carcinomas, | 


TapLe V: DATA ON 4 PATIENTS WITH IRRADIATION FOLLOWED BY SURGERY 


Co: 6,600 r total dose in Total cystectomy in October 
46 days, May-July 1955 


in 51 days, June-August 


467 


2 MV or Co® Irradiation 


Surgical Procedure Period of Survival 


Five years 
1955. Disease present but 
“‘walled off in bladder’ 

Total cystectomy in Septem- 
ber 1955; tumor found at 
surgery 


Died June 1956 in 
another hospital, of 
generalized disease 
in lungs and bones 

No tumor; alive 4 
years 


Total cystectomy and bilat- 
eral ureterosigmoidos- 
tomy November 1956 
No evidence of tumor 

Died in shock, im- 
mediately after 
surgery 


Exploratory laparotomy, 
August 1954. Resection 
unsuccessful. No radical 


changes in specimen 


being Stage B,, + Stage B., and 2 Stage C. 

Following completion of therapy, 20 
of the 53 patients showed no evidence of 
tumor, either by cystoscopy, transurethral 
biopsy, or exploratory laparotomy, while 
persistent tumor following irradiation was 
found in 23 of the cases. It has to be 
emphasized, however, that in some of the 
patients who remained free of disease for 
more than a year, residual disease was 
discovered at a later date. 

Autopsy material of this group consisted 
of 12 cases, and some interesting findings 
were noted in these studies. There was 
histologic evidence of metaplasia in + cases; 
2 patients were found to be completely 
free of disease, and in 2 disease was present 
but “‘well walled off.”’ 

Four patients of the 53 underwent a 
surgical procedure, 3 after completion of a 
full course of therapy because of recurrent 
or persistent disease and 1 after completion 
of only half of the outlined course of treat- 
ment (Table V). 

The following observations were made in 
this group: First, it was possible to perform 
surgery after a dose of 4,000 to 7,000 r de- 
livered in a period of four to seven weeks 
with a two-million-volt or cobalt-60 unit. 
While the surgical procedure was found to 
be difficult at times, it was not attended 
by severe complications. Second, micro- 
scopic examination of the specimen in | of 
the patients with recurrent disease showed 
the tumor to be well walled off behind a 
thick fibrous wall, and this patient is now 
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alive and well for six years. A third inter- 
esting observation was the complete disap- 
pearance of the tumor in 1 case where only 
one-half of the desired tumor dose had been 
given. The patient had interrupted the 
treatment and refused further radiother- 
apy, whereupon it was decided to treat him 
with surgery instead. He is alive at the 
time of this report, four years after the pro- 
cedure, without evidence of disease. 

This last case and the previously men- 
tioned observation that some patients were 
free of disease for one to two years and 
then came back with widespread re- 
currences led to initiation of a new program. 
This was worked out by Dr. Perry Hudson, 
who at that time was the Director of the 
Department of Urology of the Francis 
Delafield Hospital, and by the senior 
author of the present paper. We felt 
that it might be worthwhile to try a 
combined radiotherapeutic and surgical 
approach in the group where either method 
alone was not likely to produce satisfac- 
tory results. It was our plan to treat such 
patients with a preoperative tumor dose 
of 3,000 r on the cobalt-60 or 2-million- 
volt machine and follow this procedure, 
after two weeks, with a cystectomy. 
When the disease was not confined to the 
bladder but had invaded perivascular 
tissues, we planned to give a postoperative 
dose of 3,000 r through opposing pelvic 
fields. A total of 10 patients have been 
treated in this fashion. Table VI gives 
the pertinent data. 

In breaking the findings down, it has to 
be stated that the most interesting observa- 
tion in this group was the absence of 
residual tumor in the microscopic specimen 
in 5 of the 10 patients. We unfortunately 
lost 2 of these 5 a short time after therapy; 
1 died from peritonitis and pulmonary 
infection two weeks after surgery, another 
from an embolism two weeks after the 
operation. The remaining 3 are alive 
and well, without evidence of disease, be- 
tween one and five years. 

In a sixth case tumor cells were found in 
the perivascular fat in the specimen. This 
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patient received a postoperative cours of 
therapy and is now alive four years alter 
completion of treatment. 

Three patients proved to have disease 
which was too far advanced to lend itsel 
to a cystectomy: 1 had only explo. 
tory laparotomy, as the tumor was found 
to be fixed to the pelvic wall. He tp. 
ceived postoperative radiotherapy and 
was known to be alive one and a half year 
later. The other 2 patients had exenter. 
tions; 1 died in shock and the autopsy 
showed widespread disease; the other died 
one year later of widespread infection, 
This patient represented an interesting 
situation, as she had two proved primary 
carcinomas, one in the lung and the other 
in the bladder. The lung lesion had been 
treated by surgery one year before the 
bladder tumor was diagnosed. At autopsy 
only one area of metastatic disease was 
found in the third lumbar vertebra, but 
the origin of this metastasis could not be 
established with certainty. The tenth 
patient had residual disease in the bladder 
and is alive, without evidence of disease, 
one year after therapy. 

The surgical procedures, which were 
carried out by Dr. Hudson after a tumor 
dose of 3,000 r had been delivered, were 
not accompanied by undue complications or 
side-effects in his hands, and the patients 
recuperated in a short time. 


SUMMARY 


Various approaches in the treatment ol 
advanced carcinoma of the bladder with 
2-million-volt or cobalt-60 therapy have 
been described and their effect on the 
tumor has been evaluated. We have 
demonstrated that in a number of patients, 
namely, 6 out of 53, it has been possible to 
eradicate the disease and to keep the 
patient alive and without evidence 0 
disease for five years and longer. Of the! 
additional patients who lived longer than 
three years, 2 died without evidence 0! 
disease and 5 were alive and well without 
demonstrable disease, at the time of this 
report, while the remaining 2 are known to 
have residual or recurrent tumor. 
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7 Tasxe VI: Data ON 10 PATIENTS WITH PLANNED COMBINED RADIOTHERAPY AND SURGICAL APPROACH 
"ars after Previous 
Pathologic 
Diagnosis and Extent (Surgical Present Surgical Findings 
e disease of Disease or Treatment Procedure 
atio 
end Itself Yes No 
explora itional-cell carcinoma, x 25-3/17/55 3,000 r, 4/19/55 Pelvic Pathologic specimen: 53.55. Died of 
ras found ae well differen total dose, Co*® exenteration no evidence of peritonitis and 
He Te- aa with deep invasion tumor pulmonary 
of muscle infection. 
apy and No 
evidence of 
years disease at 
exentera- autopsy 
autopsy Transitional-cell carcinoma, 4/26-5/16/56 3,000 r, 5/30/56 Total Pathologic specimen: Alive and 
Ms well differentiated with in total dose, Co*®; cystectomy Tumor cells in peri well 
ther died vasion of muscle 7/12-8/1/56 3,000 r, vascular fat 1961 
infection total dose, 
a Transitional-cell carcinoma, 10/21-11/7/57 11/21/57 Total Pathologic specimen Alive and 
teresting with invasion of muscle 3,000 r, total dose, cystectomy, No evidence of well 
primary Co® prostatectomy, disease 1959 
and bilateral 
the other ureteral sig- 
had been moidostomy 
fore the Transitional-cell carcinoma, 27-9/18/58 3,000 r, Total cystectomy Pathologic specimen: Alive and 
; with invasion of muscle total dose, Co? No evidence of well 
autopsy disease 1961 
A Transitional-cell carcinoma, 3-7 /24/58 3,000 r, 8 8/1958 Explora- No pathclogic speci- Alive 1960 
Case Was with invasion of muscle total dose, Co®® tory laparotomy men; widespread 


‘bra, but 16-10/6/58 3,000 r, only. Bladder inoperable disease 
d total dose was fixed to 
not be lateral pelvic 
le tenth wall 
bl dd Transitional-cell carcinoma, 12/25/59-1/19/60 Total cystectomy Pathologic specimen: Alive December 
> bladder papillary, well differen 3,000 r, total dose, 2/25/60. Re- Local residual dis- 1960 
disease. tiated. No invasion of Co sidual papillary ease in bladder 
muscle carcinoma in 
urethra, intra- 
ch were epithelial, well 
differentiated 
a tumor Papillary transitional -cell x 2/10-3/11/60 3,000 r, 31/60 Total Pathologic specimen: 48 60. Died 
ed, were carcinoma, no invasion of total dose, Co®® cystectomy; no No evidence of dis- of embolism 
ations or muscle evidence of tumor ease 
i Transitional-cell carcinoma, April 1959 3,000 r, Anterior exen- Pathologic specimen: Died of infec- 
patients with invasion of two- total dose, Co teration “Necrotic tumor in tion 1 8 60. 
thirds of bladder wall bladder”’ Autopsy 
Vaginal wall free. (Second showed me- 
primary cancer (of lung) tastases to 
surgically removed one L-3 only 
year before) 
tment 0! Transitional-cell carcinoma, X 6/14-7/14/54 3,600 r, Pelvic exentera- Pathologic sp2cimen: Died in shock 
Jer with moderately well differen- total dose, Co® tion Tumor present after surgery. 
tiated, with invasion of without radical Widespread 
py have muscle changes pelvic dis- 
ease and 
on the node metas- 
have tases pres- 
patients, " ent at autopsy 
y Transitional-cell carcinoma, 12/3-12/24/58 Cystectomy: No Pathologic specimen: Alive and 
ssible to with invasion of muscle 3,000 r, total dose, evidence of dis- No evidence of dis- well 
eep the Cos ease ease 1961 
lence ol 
Of the !! All of the patients who benefited from bination of cobalt-60 or 2-million-volt 
yer than § ‘diotherapy suffered from tumors which therapy with surgery. In 5 of the 10 who 
fence of § ‘ould be classified as papillary and transi- had a course of preoperative radiotherapy, 
without § Uonal-cell carcinomas of various grades, no disease was found in the specimen. Six 
of this J wth the exception of 1 which was an of the 10 are alive for two to five years 


after treatment. It would appear from 
this small group that the combined ap- 


wdifferentiated carcinoma, Grade IV. 
Ten additional patients received a com- 


nown to 
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proach of supervoltage radiotherapy and 
surgery ought to be considered as a possibly 
worthwhile procedure in patients with 
advanced carcinoma of the bladder without 
distant metastases, who are in good gen- 
eral condition with no medical contraindi- 
cation to surgery. 


Francis Delafield Hospital 
99 Fort Washington Ave. 
New York, N. Y. 
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Le Tractamento de Avantiate Carcinoma del Vesica: Un Reporto de 89 Patientes Tractate 
con Duo Milliones Volt o con Cobalt-60 o con un Combination 
de Iste Typo de Irradiation e Chirurgia 


Septenta-novem patientes con avantiate 
carcinoma del vesica esseva tractate con 
irradiation a duo milliones volt o a co- 
balt-60 al Hospital Francis Delafield de 
New York inter januario 1951 e januario 
1960. Dece alteres esseva tractate con 
un combination planate de radiotherapia e 
chirurgia. 

In le prime gruppo, 22 patientes con 
avantiate morbo recurrente 0 con cognos- 
cite metastases esseva tractate con limitate 
objectivos, in le spero de domar le morbo 
local e de render le existentia del patiente 
le plus indurabile possibile. Un dosage 


al tumor de 3.000 r esseva delivrate in 
tres septimanas via grande opposite campos 
pelvic. Solmente paucos de iste patientes 
beneficiava ab le irradiation durante uw 
appreciabile periodo de tempore. In k 
gruppo del 18 pro qui informationes esseva 
accessibile, omnes—con 2 exceptiones— 
moriva intra un anno. In le caso de 
patientes irradiate con le spero de effectuar 
un curation, un total dose al tumor de 
4.000 a 6.000 r esseva delivrate in quatro 4 
sex septimanas. In le majoritate del 
casos le dose diurne al tumor esseva 200 I. 
Le tolerantia immediate pro iste quantitate 
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esseva bon, e melioration del hematuria 
occurreva in multe casos. Dece-cinque 


de 53 patientes superviveva tres annos o 


plus. Sex esseva vive e sin signo de 
morbo durante cinque annos o plus. 

Quatro patientes esseva subjicite a 
chirurgia post le irradiation. In 1, il 
eseva trovate que le tumor esseva im- 
murate detra un spisse pariete fibrose, e 
iste patiente vive e se trova ben depost sex 
anos. In un altere le tumor habeva 
disparite completemente. Un _ secunde 
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gruppo de patientes recipeva un planate 
curso de tractamento de 3.000 r de irradi- 
ation pre-operatori, sequite in duo sep- 
timanas per cystectomia. Quando le 
morbo non esseva confinate al vesica, un 
dose post-operatori de 3.000 r additional 
esseva delivrate per opposite campos pel- 
vic. Dece patientes esseva tractate in iste 
maniera. Sex de illes vive al tempore del 
presente reporto, i.e. inter duo e cinque 
annos post le therapia. In 5, le specimen 
microscopic monstrava nulle residue tumor. 
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Comparison of the Light Output of Image Intensifier Tybes 
GEORGE C. HENNY, M.D., and JOSHUA A. BECKER, M.D. 


MAGE INTENSIFIERS are now beyond the 
I realm of experimentation and have 
become an integral part of the routine 
equipment in diagnostic radiology. Since 
the day of W. E. Chamberlain’s Carman 
Lecture, ‘‘Fluoroscopes and Fluoroscopy”’ 
(1), the need for raising image brightness to 
cone vision level has been generally rec- 
ognized. The Westinghouse Corporation 
in 1949 produced the first practical model 
of the Coltman image-intensifier tube; 
Chamberlain, in our institution, Temple 
University, used this in clinical work. 
Since that time our interest in image in- 
tensification has continued and we have 
had many tubes available for clinical and 
experimental purposes. In the desire to 
standardize photographic procedures uti- 
lizing the image-intensifier tubes, we inter- 
compared tubes and evaluated their re- 
sponses. The data and conclusions that 
follow are based on both the physical and 
the practical operating aspects of the 
tubes tested. 

The image intensifier is a large vacuum 
tube containing at the x-ray input end a 
fluorescent screen which converts the 
roentgen image into a light image. A 
photoelectric layer then converts the 
light image into an electron image. An 
electrostatic field accelerates the electrons 
and refocuses them to a sharp image at the 
small output phosphor layer at the other 
end of the tube. The output phosphor 
reconverts the electron image to a visible 
light image. In this process the original 
image is reduced in size about twenty-five- 
fold. Because of this concentration of 
electrons and the energy they have received 
from the electrical field, the viewing image 
is 500 to 3,000 times as bright as the image 
on a Patterson type B fluoroscopic screen. 
The light image may be directly viewed 
through an optical system of lenses and/or 


mirrors, it may be photographed with 
still or motion-picture camera, or it may 
be displayed via television. The properties 
of the image-intensifier tubes evaiuated 
were mainly their responses to different 
qualities and quantities of incident x-ray 
Image qualities, i.€., contrast and detail 
perception, were not considered. We are 
now evaluating a number of the different 
image-intensifier television systems at pres. 
ent available for their ‘‘efficiency” jn 
transmitting radiologic information: the 
results will be recorded in a subsequent 
communication. 

The variables studied are: (a) the 
incident x-ray intensity in roentgens per 
minute at the input end of the intensifier, 
(b) the intensity of light in millilamberts 
at the output phosphor screen, and (¢) 
the electron emission in microamperes by 
the input photoelectric screen (sometimes 
referred to as the “brightness level’). 
The tubes are operated according to the 
specifications of the manufacturer. To 
simulate operating conditions most closely, 
the majority of the comparisons were done 
with a 10-cm. Presdwood phantom in the 
beam adjacent to the image intensifier. 
The field size was adjusted to include the 
entire input screen of the intensifier. 

A Victoreen r meter was used in the 
absolute determinations. Because of its 
operating convenience, a Radocon inte 
grating r meter was employed in the rela- 
tive comparisons. The light intensity ol 
the output phosphor was measured with a 
Macbeth illuminometer with a Wratten 
No. 56 filter to simulate the green of the 
phosphor screen. A 2-mm. Al filter was 
placed in the x-ray beam for all measure 
ments. Calibrations of the mucro 
ammeters of the various intensifiers were 
checked and found to agree. 

Five 5-inch Philips image-intensifier 


1 From Temple University School of Medicine (G. C. H., Department of Medical Physics; J. A. B., Depatt- 


ment of Radiology), Philadelphia, Penna. Aided by U. S. Public Health Service Grants #CS-943 


9681. Accepted for publication in January 1961. 
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tubes from mine to twenty-four months 
old were intercompared along with the 
;.inch image-intensifier tube of a Westing- 
house Cinefluorex Unit. 


Tube Date of Delivery 


Philips No. 1. 
Philips No. 2. 
Philips No. 3... 
Philips No. +. 
Philips No. 5. . 
Westinghouse . . 


January 1959 
.... January 1959 
March 1959 
November 1959 
March 1960 
August 1958 
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EVALUATION 


I. The response of image-intensifier 
tube No. 3 to incident x-rays was evaluated 
by continuously increasing the intensity 
incident upon the face of the tube by 
raising the milliamperes while maintaining 
a constant kilovoltage. In this instance, 
the optical system had been removed so 
that the output phosphor could be viewed 
directly. The response is essentially linear 
throughout the measured range from 0.01 


T 


15 


R/ MIN 


Fig. 1. 


Brightness of the output phosphor vs. r per minute at the face of the image-intensifier 


tube. The kilovoltage was held constant at 90 kvp and the intensity was varied by changing the 


milliamperes. 


The optical systems (Philips ‘X-Ray 
Intensifier Fotoview,’’ manufactured by 
Foto-optics, Port Washington, N. Y.) on 
all the Philips image intensifiers were re- 
moved so that the illuminometer measure- 
ments could be taken directly from the 
output screen in instances where absolute 
measurements were taken. This neces- 
‘tated the by-passing of electrical safety 
‘quipment on the Cinefluorex. 


to 25 r/min., as shown in Figure 1. This 
response is a characteristic of this indi- 
vidual tube. Other tubes have shown a 
fall in the rate of increase of light intensity 
at high x-ray inputs (at varying levels 
above 10 r per minute). 

II. The dependence of the image in- 
tensifier on the quality of the incident 
x-ray was determined by varying the kilo- 
voltage over a range normally used in 
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diagnostic procedures, with a constant r 
per minute maintained. The tube re- 
sponds with increased brightness as the 
kilovoltage is raised to a point between 
90 and 100 kv where a maximum response 
occurs (Fig. 2), followed by a decrease in 
brightness at higher kilovoltages. The 
initial increase is due to the greater pene- 
tration of the glass envelope and to the 
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the milliamperes while keeping the kilo. 
voltage constant. There is a linear de. 
crease in efficiency as the intensity of the 
incident radiation increases. 

(6) Figure 3, B also shows the efficiency, 
of the image intensifier vs. increase in th. 
incident x-rays. Here, however, the in- 
tensity was raised by increasing the kilp. 
volts while keeping the milliamperes cop. 


60 70 80 


90 100 0 120 


KVP 


Fig. 2. Efficiency (millilamberts per r per minute) vs. kilovoltage when the incident intensity 
is maintained at 0.020 r per minute. 


more efficient absorption by the input 
phosphor of the incident radiation. The 
efficiency of the input phosphor then 
begins to decrease as the x-rays become 
more penetrating, since the input phosphor 
is less able to convert this harder radiation 
into photoelectrons. 

III. The “efficiency’’ of the tube was 
defined as the ratio of millilamberts to 
r per minute incident upon the intensifier. 
This ratio is a convenient way of comparing 
different intensifier tubes, since its reading 
shows the response of the tube to the in- 
cident radiation. 

(a) Figure 3, A shows the efficiency of the 
image intensifier vs. increase in the incident 
x-rays. Intensity was raised by increasing 


stant. There is a non-linear decrease of 
efficiency as the intensity and hardness of 
the incident radiation increases. 

The curve obtained here is the summa- 
tion of the effects of two variables upon 
efficiency—intensity and hardness. As 
previously shown, there is a kilovoltage 
range for the maximum conversion of in- 
cident x-rays into light intensity (Fig. 2) 
and a decreasing efficiency in converting 
absolute r into light intensity (Fig. 3, A). 
In the first portion of the curve the de 
creasing efficiency of the tube’s response to 
increasing r per minute is lessened by 
increasing the kilovoltage. Then, when 
an incident x-ray level of 0.03 to 0.041 
per minute is passed (at kvp 90 to 
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tubes after the removal of the optical 
systems of the image intensifiers. The 
results are shown in Table I. Although 
these comparisons are at incident x-ray 
levels above those clinically used, extrap- 
olation is felt to be valid, since the re- 
sponse of the tubes is linear in these ranges, 
as shown in Figure 1. 


pA(x0.01) 
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intensifier. For these measurements the 
optical systems were replaced. Each set 
of measurements was made with the same 
kilovoltage and milliamperage and with 
a 10 cm. Presdwood phantom in the jn. 
cident x-ray beam. 

(a) The photocathode current (micro. 
amperes) was measured and compared 


Fig. 4. 
by changing the milliamperes. 


TABLE I: Licut INTENSITY OF OUTPUT PHOSPHOR 
SCREEN OF Four TUBES 


Millilamberts 

Millilamberts 
Fluorex 1.1 29.6 26.4 
Philips No. 3 1.1 49.6 45.2 

Philips No. 0 

(returned ) 2.0 37.0 18.5 
Philips No. 2 2.6 98.0 49.0 


* Efficiency. 


II. The photocathode current and the 
brightness of the output phosphor of the 
Philips tubes were measured in respect to 
the r per minute at the face of the image 


The photocathode current (microamperes) vs. r per minute at the face of the 
image intensifier. The kilovoltage was held constant at 90 kvp and the intensity was varied 


R/MIN 


to r per minute at the fece of the image 
intensifier. Figure 4+ shows the response 
of the input screen to the incident x-rays. 
The input screen of tube No. | is seen to be 
the most efficient in converting x-rays into 
emitted electrons. Tube No. 5 is seen to 
be extremely poor in this function. 

(b) The brightness of the output phos 
phor was measured and compared to the 
photocathode current (microamperes): 
Figure 5 shows the response of the output 
phosphor to the electrons emitted by the 
input screen after their acceleration in the 
tube. The phosphor of tube No. 9 % 
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seen to be the most efficient in converting 
incident electrons into light. 

(c) The brightness of the output phos- 
phor was measured and compared to the 
ray incident on the face of the intensifier. 
Tube No. 1, as seen in Figure 6, had the 
pest overall response. The results seen 
here are a combination of the responses of 


MILLILAMBERTS 


milliamperes, per minute) and the image 
intensifier tube aspect (photocathode cur- 
rent, 7.€., microamperes) are compared to 
the brightness produced at the output 
phosphor screen. From these data, the 
two screens of the intensifier tubes are 
then evaluated. 

At the normal operating level (SO—100 


Fig. 5. 


the input screen and of the output phos- 
phor. It is interesting to note that tube 
No. 5 has the least efficient input screen 
and the most efficient output phosphor. 
However, it falls lowest in rank in the 
intercomparison in this section. 


SUMMARY AND CONCLUSIONS 


Four image-intensification tubes are 
compared with respect to roentgens per 
minute at the primary screen vs. millilam- 
berts at the secondary screen (‘‘efficiency’’). 

The parameters for the brightness levels 
rom the input x-ray aspect (kilovolts, 


The brightness of the output phosphor vs. photocathode current (microamperes). 


kvp) of image-intensifier tubes variations 
in milliamperage and r per minute produce 
little change in the efficiency of tube op- 


eration. However, at either low or high 
kilovoltage, the ability of the tube to con- 
vert x-rays into light falls off. 

No tube tested had both the most re- 
sponsive input screen and the most re- 
sponsive output phosphor. This combina- 
tion would be optimal for peak efficiency. 
However, in final judgment, the tube with 
the greatest light output per incident r 
per minute (‘efficiency’) is the most 
desirable, regardless of how this effect is 
produced. 
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Fig. 6. 
sifier. 
the milliamperes. 


The observations indicate that the differ- 
ing ‘‘efficiencies’’ between tubes are di- 
rectly dependent on phosphor screen ef- 
ficiencies. 


ADDENDUM 


Since this article was submitted for publication, 
we have had the opportunity of evaluating the 
Keleket Image Intensifier with the Thomson- 
Houston tube at St. Christopher’s Hospital for 
Children, the pediatric section of the Temple 
University Medical Center. The efficiency of this 


Brightness of the output phosphor vs. r per minute at the face of the image inten- 
The kilovoltage was held constant at 90 kvp and the intensity was varied by changing 


tube was found to be 185 millilamberts per r per min- 
ute. This is considerably higher than the efficiency 
of the other tubes tested. The parameters of meas- 
urement for the data presented in Table I were 
used. 

Joshua A. Becker, M.D. 

Department of Radiology 

Temple University School of Medicine 
Philadelphia 40, Penna. 
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SUMMARIO IN INTERLINGUA 
Comparation del Rendimentos de Lumine de Tubos de Intensification del Imagine 


Es listate quatro tubos de intensification 
del imagine con roentgen per minuta al 
ecran primari comparate con millilambert 
al ecran secundari (‘‘efficacia’’). 

Le parametros del nivellos de intensitate 
luminari del tubos de intensification del 


imagine ab le aspecto de radios X (ie. 
kilovolt, milliampere, e roentgen per mr 
nuta) e ab le aspecto del tubo de intensifi- 
cation del imagine (i.e., currente photo- 
cathodic, in microampere) es comparate 
con le intensitate luminari producite como 
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rendimento del ecran phosphore. A base 
de iste datos, le duo ecrans del tubos de 
intensification es alora evalutate. 

Al nivellos de operation normal (SO a 
100 kvp) de tubos de intensification del 
imagine, le factores technic de milliampere 
e roentgen per minuta produce pauc altera- 
tion in le efficacia del operation del tubos. 
Tamen, tanto a basse como etiam a alte 
(jlovoltage. il occurre un declino in le 
capacitate del tubo de converter radios X 


inlumine. In plus, le tubos non es capace 


de mantener lor ‘‘efficacia’’ in le normal 
region diagnostic, sed iste factor es minime 
e pote esser negligite. 


Nulle del tubos testate habeva le plus 
responsive ecran de introito e simultanee- 
mente le plus responsive phosphoro de 
rendimento. Un tal combination esserea 
optimal in le interesse del maximo de 
efficacia. Sed, in le judicamento final, le 
tubo le plus desirabile es le tubo con le plus 
grande rendimento de lumine per roentgen 
incidente per minuta (i.e., le tubo con le 
plus grande ‘“‘efficacia’’), sin reguardo al 
medio per que iste effecto es producite. 

Le observationes indica que le differen- 
tias de “‘efficacia’ inter differente tubos 
depende directemente del efficacia del 
ecran de phosphoro. 


> 


N RADIOGRAPHIC installations of more 

than one x-ray unit the need to reproduce 
a film technic with different units makes 
it necessary that they be cross-calibrated. 
In standard practice the establishment of 
a film technic requires that visual examina- 
tion be made of representative films for 
various anatomical structures. Because of 
possible inconsistencies in the physical cali- 
bration factors of x-ray units, as reported 
in a previous paper (1), the establishment 
of a set of technical factors for one appara- 
tus would not necessarily apply to a 
second. The process of trial and error 
must be repeated with each one, and this 
results, in addition to the time and effort 
required, in undesirable patient exposure. 

In principle, the quality of a film de- 
pends on beam energy and intensity, with 
all other things being constant. A knowl- 
edge of these two factors for any individual 
apparatus, therefore, should suffice to 
establish radiographic technics based on an 
established technic chart for another unit. 
A system for providing this type of cross- 
calibration was suggested in the authors’ 
earlier paper. Incidentally, the use of 
half-value layer and output determina- 
tions for the establishment of film tech- 
nic is not limited to interdepartmental 
standardization. The possibility exists 
that other departments would also be able 
to duplicate film qualities by this means. 
Simply stated, an x-ray unit must first be 
calibrated for technical factors in the usual 
manner of visual evaluation. This unit 
serves as the standard and it is then possi- 
ble to calibrate any additional units with- 
out application of visual methods, purely 
by virtue of the comparison of half-value 
layer and output. The situations in which 
calibration of radiographic installations 
becomes necessary include the following: 


‘From the Department of Radiology (L. P., Physicist) and the Department of Diagnostic Roentgenology (5. 
B., Supervisor; H. L. G., Chief), City of Hope Medical Center, Duarte, Calif. 
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A Technic for Cross-Calibration of X-Ray Units 
Utilizing Half-Value-Layer Determinations 
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(a) change of tubes or other parts of a unit. 
(6) replacement of an installation, and (¢ 
the addition of new units to an existing 
department or the creation of an entirely 
new department. 


METHOD 


Three x-ray units were studied, the con. 
ditions under which measurements wer 
made being maintained constant. Hali- 
value layer determinations were made with 
aluminum filters with a Landsverk 200-mr 
pocket chamber calibrated for energy de- 
pendence at the Landsverk factory. The 
values were plotted for each of the units ona 
single graph, so that the effective kilo- 
voltage for equivalent half-value layer 
could be readily determined (see Fig. |). 
After half-value layer determinations were 
made, the output of each x-ray unit was 
measured with the Landsverk chamber at 
an equivalent kilovoltage as determined 
from the plot of half-value layers. A plot 
of output per 100 milliampere-seconds at 
equivalent kilovoltage is shown in Figure ?. 
After establishment of half-value layer and 
output equivalences, the next step was to 
take one of the units as a standard and 
establish a set of technics which produced 
visually acceptable roentgenograms. From 
this standard technic chart a series ol 
charts for each of the units cross-calibrated 
was then produced, with use of the data 
of half-value layer and output determina- 
tions. A simplified version of a chart 
for a few radiographic studies utilizing 
this method is shown in Figure 3. 


RESULTS 


An initial check on the reliability of the 
calibration was made with a step wedge. 
Figure 4 shows the appearance of the step- 
wedge radiographs obtained with the 
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factors selected by the above method. 
A hip specimen (Fig. 5) was utilized to 
produce a further check on comparability 
of the roentgenographic quality. Films 
were then obtained of an extremity, pelvis, 
and lumbar spine, with the appropriate 
factors for each radiographic installation. 
The good degree of reproducibility of film 
technic 1s demonstrated in Figures 6-8. 


40 5) WM aD an 20 


Fig. 1. Plot of half-value layer in millimeters of 
aluminum vs. peak kilovoltage for three radiographic 
installations, A, B, and C. 


DISCUSSION 


In the utilization of this technic for 
cross-calibration it is necessary to recognize 
an inherent limitation. This stems from 
the fact that milliampere-second values 
established by the data can at times be 
only approximated, because of the limited 
number of panel settings for milliamperage 
and time. For example, the data might 
call for an output corresponding to a 
setting of 6) milliampere-seconds, whereas 
the closest value available from the panel 
settings would be 5 milliampere-seconds. 

The discrepancy between the available 
and desired outputs may be compensated 
for in part by a small change in the half- 
Value layer. An example of the problem 
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05 10 15 20 2.55 30 3.5 40 45 $0 5.5 6.0 65 %0 
Fig. 2. Plot of log of milliroentgens per 100 milli- 


ampere-seconds vs. half-value layer in millimeters of 
aluminum for radiographic units, A, B, and C. 


which may arise in matching film tech- 
nics is demonstrated in Figure 8, where one 
of the radiographs is slightly lighter than 
the others. 

In addition, there are possible inac- 
curacies in timer function and calibration 
of milliampere station as noted earlier. 
Where such inaccuracies introduced an 
error greater than the variation produced 
because of panel-setting limitations, a 
correction factor was applied to the data. 

One would expect from theoretical con- 
siderations that the curves of half-value 
layer vs. kilovoltage would be smooth. 
The discrepancies demonstrated in Figure | 
are due to the inaccuracies of the kilovolt 
station settings on the different generators. 
This is particularly apparent in the range of 
100 to 110 kv, where Units A and C show 
a sharp discontinuity. Figure 9 shows 
the comparability of films made on Unit 
A at 93 kv, Unit B at 103 kv, and Unit 
C at 106 kv. 

It is worthwhile to consider whether the 
use of half-value layer and roentgen output 
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Shoulder 


2 


Cervical 


1.0 93 


0.5 103/56 | 303 


C 


Ob 106} 567 | 299 


Fig. 3. A simplified technic chart for three radiographic units, A, B, and C. 


in the calibration of an x-ray unit has 
any advantage over the use of kilovoltage 
and milliamperage. The two latter refer 
to the operating characteristics of the 
tube. These factors in themselves do not 
take into consideration tube envelope, 
characteristics of the target, voltage drop 
in the cables, and added filtration, all of 
which may vary in different installations 
and affect the final quality of the x-ray 


beam. The quality of the beam may vary, 
therefore, even though identical kilovolt- 
milliampere settings are being utilized. 
While it is true that half-value-layer desig- 
nation is not a complete description of the 
spectral distribution of energy in a het- 
erogeneous beam, it is more accurate 
than kilovoltage alone, so that in practice 
technic factors based on half-value layer 
and roentgen output should be more nearly 
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Fig. 4. Aluminum step-wedge patterns obtained at a 72-inch distance utilizing the following settings on the three 
radiographic units to obtain the closest available half-value layers and roentgen outputs: A, 58 kv at 100 mas. 
B, 62 kv at 40 mas. C, 56 kv at 40 mas. 


3 
Fig. 5. Films of a disarticulated hip specimen, obtained on units A, B, and C at a 40-inch distance. A, 58 kv at 
100 mas. B, 62 kv at 40 mas. C, 56 kv at 40 mas. 


identical from machine to machine, irre- charts for individual radiographic installa- 
spective of such conditions as tube en- tions. For example, a central laboratory 
Velope, target, etc. sponsored by an institution such as the 

It would appear possible to establish American College of Radiology or the 
radiographic standards which can be used National Bureau of Standards could de- 
universally in the development of technic termine optimum technic factors and 
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Fig. 6. Films of a knee made with the following settings at a 42-inch distance: A, 58 
kv at 100 mas. B, 62 kv at 40 mas. C, 56 kv at 40 mas. 


Fig. 7. Films of a pelvis made with the technic factors listed in Fig. 3. 


Fig. 8. Films of a lumbar spine made with the following factors: A, 77 kv at 200 mas. 


B, 79 kv at 100 mas. 


supply this information in terms of the 
half-value layer and roentgen output re- 
quired for their reproduction. Any in- 
stallation might then be calibrated to this 


C, 76 kv at 100 mas. 


standard without the use of trial-and-error 
patient exposure. 

The ability to reduce or eliminate the 
need for patient or personnel exposure Il 
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Fig. 9. Films of a lateral chest made at the following factors: A, 93 kv at 50 mas. 


B, 103 kv at 25 mas. C, 106 


kv at 20 mas. 


obtaining calibration for technic charts 
adds to the desirability of this method. 
As a further corollary it might be possible 
to replace kilovoltage and milliamperage 
settings on x-ray generator control panels 
with settings of half-value layer and roent- 
gen output. It is apparent that careful 
calibration of x-ray units in these factors 
would be required to establish such a pro- 
gram (2). 
SUMMARY 

1. A method for cross-calibration of 
radiographic installations, utilizing half- 
value layer and roentgen output, has been 
devised. This enables reproduction of a 
given film quality on multiple x-ray units. 

2. The procedure provides for a pos- 


sible system of universal calibration of 
radiographic installations. 

3. A major benefit derived from this 
system is the reduction or elimination of 
patient and personnel exposure. 

4. The comparability of radiographs 
taken on different units cross-calibrated 
in this manner is demonstrated. 

Hyman L. Gildenhorn, M.D. 


1500 E. Duarte Rd. 
Duarte, Calif. 
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SUMMARIO IN INTERLINGUA 


Un Technica pro le Calibration Cruciate de Installationes Roentgenographic, a Base de 
Determinationes del Spissitates de Medie Valor 


Esseva elaborate un methodo pro leca- 
libration cruciate de installationes roent- 
genographic a base de determinationes 
del spissitates de medie valor e del rendi- 
mentos de roentgen. Un apparatura a 
tadios X, calibrate pro factores technic in 
le maniera usual, es prendite como stand- 
ard, e apparaturas additional es calibrate 
exclusivemente a base de comparationes 
del spissitates de medie valor e del rendi- 
mentos de roentgen. Iste technica rende 


possibile le reproduction de un qualitate 
particular de pellicula per medio de multi- 
ple apparaturas e provide possibilemente 
un systema de calibration universal pro 


installationes radiographic. Un major 
beneficio es Je reduction o elimination del 
exposition pro patiente e personal. 

Es demonstrate le comparabilitate de 
radiographias obtenite per differente ap- 
paraturas tractate con iste methodo de 
calibration cruciate. 
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Modification of Radiation Responses of Tissue by Colchicine 
Effects on Mouse Hair Roots! 
MELVIN L. GRIEM, M.D., FREDERICK D. MALKINSON, M.D., and PETER H. MORSE, A.B. 


EVERAL RECENT reviews have described 
the effects of various chemical and 
physical agents in modifying radiation 
responses in normal tissues and tumors 
(1-3). The observation that irradiation in- 
duces profound morphologic changes in ani- 
mal and human hairs (4, 5) has provided 
a useful experimental device for the screea- 
ing of such agents in rodents (6). 

At any given time areas of skin in rats 
and mice can be found in which most of the 
hair follicles are in the resting phase of the 
hair cycle. These telogen hair follicles 
are mitotically inactive and are insensitive 
to radiation (4). If the resting hair is 
disturbed by plucking, its follicle becomes 
active and a growing (anagen) hair is 
formed which is highly radiosensitive. 
When anagen hairs are irradiated, dys- 
plastic changes in the shafts and atrophy 
of the bulbs occur, the number of hairs 
affected being proportionate to the dose of 
radiation sustained. 

Recent experiments in rats and mice 
have shown that anagen hairs also undergo 
profound atrophic and dysplastic changes 
following intraperitoneal administration of 
large doses of colchicine (7). Since these 
microscopic changes strongly resemble al- 
terations in human hair induced by x-ray 
irradiation (5), the rodent hair indicator 
system was utilized to determine the pos- 
sible synergistic role played by colchicine in 
increasing these x-ray effects. Our chief 
interest centered on the application of posi- 
tive findings to the therapeutic implications 
of altering the radiosensitivity of certain 
forms of malignant growth by prior ad- 
ministration of colchicine. 


METHODS 


The studies were carried out on adult 


Fig. 1. Mouse with hair plucked from both haunches. 


female mice of the Carworth Farms No. | 
strain. In these animals the hair cycle 
lasts for seventeen to twenty days from 
earliest anagen to the onset of telogen. 
Hairs were completely plucked from both 
haunches of all animals at the start of each 
experiment, one haunch being used for 
examination of the effects of colchicine and 
irradiation, and the other for examination 
of colchicine effects alone (Fig. 1). Oc 
casional mice showing areas of newly grow- 
ing hairs which were not easily removed 
were discarded from the study. 

The mice received x-ray irradiation on 
the tenth day after initial plucking, and 
four days later the newly growing hairs 


' From the Department of Radiology, Department of Medicine (Section of Dermatology), and Argonne Cancer 
Research Hospital, operated by the University of Chicago for the United States Atomic Energy Commission, 


University of Chicago, Chicago, III. 
of North America, Cincinnati, Ohio, Dec. 4-9, 1960. 
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A. Anagen hair. B. Telogen hair. C. Dys- 


plastic hair. 

in the control and treatment areas were 
plucked. These hairs were then floated 
on a shallow layer of water covering the 
bottom of a 5.5 X 1.5 cm. glass Petri 
dish which had been scored in grid pattern 
onitsunderside. The hairs were examined 
with a binocular dissecting microscope 
at 45X magnification with transmitted 
blue light. For each animal the following 
stages of hair growth were recorded and 
counted for the ‘‘differential hair count’: 
normal anagen, dysplastic, catagen (hairs 
transitional between anagen and telogen), 
and telogen (Fig. 2). 

Two persons similarly trained performed 
the hair counts and their results were con- 
sistently in close agreement, although it is 
possible that the criteria for scoring dys- 
plastic hairs may vary slightly from one 
individual to another. In our experience 
this variation appears to be constant for 
each observer. For this reason the same 
person performed all counts in a given ex- 
periment. During each series of counts 
a rotational sequence of control and treated 
animals was used to minimize observer 
bias, fatigue, and criteria variation. 

Initial studies of radiation changes in the 
hairs produced at different dosage levels 
revealed a reliable and reproducible sigmoid 
curve for the production of dysplastic 
hairs. In these preliminary experiments 
radiation was administered with a Machlett 
OEG-6) tube operating at 50 kv and 30 
ma with 2 mm. of aluminum added filtra- 
tion. This produced 387 r per minute 
surface dose at a focal skin distance of 


Fig. 3. Mouse in treatment position. 


100 7 
30+ 
] 
sof 
| 
2 
a 
> 
10 
© 100 200 300 400 5600 600 700 800 900 
SURFACE DOSE IN 
Fig. 4. Dose response curve for production of dys- 
plastic hair in mice with a single surface dose. 


11 em. and a beam quality of 1.2 em. half- 
value depth in_ tissue. Adequately 
shielded animals were treated individually 
and without anesthesia (Fig. 3). 

The results of this experiment are shown 
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Fig. 5. The first experiment showing the effect of varying the time interval between 
injection of colchicine and administration of x-rays on the production of dysplastic hair. 
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Fig. 6. The second experiment showing the effect of varying the time interval between 
injection of colchicine and administration of x-rays on the production of dysplastic hair. 


in Figure 4. Each point on the graph 
represents the average percentage of dys- 
plastic hairs in 5 animals. For each an- 
imal 100 hairs were counted from the 


treated flank and 100 hairs from the control 
or unirradiated flank. A large number of 
catagen and telogen hairs from the cot 
trol and irradiated flanks yielded poo 


cor 
tio 
| pet 
80 
hat 
dis 
the 
40 
cet 
60 | fou 
ae | sal 
the 
a8 50 bo 
the 
| 
40 tor 
the 
wa 
30 At 
6 2 6© = 36 48 of 
tio 
of 
= ha 
ol 
ist 
80 
ark 
tic 
sta 
| in 
60 | 
Tat 
re] 
50 | ha 
ev 
| pe 
Ur. 
fla 
ra 
col 
36 48 du 
co! 
ha 
2 
Wa 
of ¢ 


*Ptember 196) 


control 
aber of 


1 poor 


Vol. 77 


wrrelation between the dosage of irradia- 
tion and dysplasia. Since less than 5 
er cent of the animals showed great 
numbers of these transitional and resting 
hairs, the results in such mice could be 
discarded without appreciably affecting 
the sample size. When a surface dose of 
400 r was used, between 46 and 52 per 
cent dysplastic hairs were consistently 
found among 500 hairs counted. This 
ame radiation dosage was then used in 
the animals treated with colchicine, so that 
both protective and synergistic effects of 
the chemical could be studied. 

Colchicine? was administered intraperi- 
toneally at a dosage of 1 mg./kg. (In 
the Carworth Farms No. 1 mouse 5 mg./kg. 
was found to be the LD 50 for this drug.) 
At successive intervals after the injection 
of colchicine, a constant dosage of radia- 
tion was administered to different groups 
of animals, each group being irradiated 
only once. The percentage of damaged 
hairs was plotted graphically as a function 
of the time interval between the admin- 
istration of colchicine and irradiation. 


RESULTS 


The results of two separate experiments 
are shown on Figures 5 and 6. The ver- 
tical lines on the graphs represent the 
standard deviation for each point. As 
in the preliminary studies with x-ray ir- 
radiation alone, each point on a graph 
represents the average number of dysplastic 
hairs from a single group of 5 mice. For 
every animal a differential hair count was 
performed on 100 hairs each from the 
radiated flank and from the control 
flank. Hairs from the control (unir- 
radiated) flank were counted because 
colchicine administration alone may pro- 
duce dysplastic hairs. When 1 mg./ kg. of 
colchicine was given intraperitoneally, the 
control flank in all animals examined 
showed less than 2 dysplastic hairs/100 
hairs, and in over half the animals no 


ne was kindly supplied by Dr. G. W. 

oa ed me Lilly Research Laboratories. The drug 

of a8 provided, each ampule containing 1 mg. 
colchicine in 2 ¢.c. of aqueous solution, 
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Patient with mycosis fungoides. 


Fig. 7. 


dysplastic hairs were found in the control 
area. 

Both graphs reveal a significant syner- 
gistic effect when the colchicine injection 
is followed by irradiation after an interval 
of sixteen hours. Although there was a 
suggestion of synergistic action by col- 
chicine at two-, four-, and twelve-hour 
intervals in one study, this effect was not 
confirmed in the other. Both graphs, 
however, show a decreased response at 
the end of twenty-four hours after the 
earlier sixteen-hour peak. 

No protective effect of colchicine was 
observed in these studies. 


CLINICAL APPLICATIONS 


These preliminary observations having 
suggested that there might be a cyclic 
relationship between colchicine and_ ir- 
radiation, a patient with generalized my- 
cosis fungoides in the infiltrative and tumor 
stages was studied using a _ treatment 
method suggested by Friedman (8). This 
patient was unresponsive to surface doses 
of 600 r in a single exposure given at 150 
kv and 50 ecm. focal skin distance with 3 
mm. aluminum added filtration. Higher 
doses of 800 and 1,000 r seemed similarly 
ineffectual (Fig. 7). Three milligrams of 
colchicine was given intravenously and 
a single surface dose of 600 r was given 
through successive 10 X 10 cm. portals 
every four hours for sixteen hours. Treat- 
ment results are seen in Figures 8-10. 
The four-hour and eight-hour portals 
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Fig.8. Appearance of skin two weeks after treatment by colchicine followed by a single surface dose of 600 r four 
hours later. 

Fig. 9. Appearance of skin two weeks after treatment by colchicine followed by a single surface dose of 6001 
eight hours later, lower port; twelve hours later, upper port. 

Fig. 10. Appearance of skin two weeks after treatment by colchicine followed by a single surface dose of 60) r 
sixteen hours later. 


showed no essential change, but there was 
a definite response at twelve hours, while 
the most striking result was observed at 
sixteen hours (Fig. 10). Combined treat- 
ment using the sixteen-hour interval be- 
tween colchicine administration and _ ir- 
radiation was repeated a number of times 
for other involved sites, and a good re- 
sponse was noted on each occasion. 

Following these observations, we have 
selected a number of patients with un- 
responsive tumors for clinical trial. So 
far it has been found that for these patients 
a single intravenous dose of 4 mg. of col- 
chicine can be given twice weekly for four 
weeks without serious difficulty. Occa- 
sionally there has been a transitory drop 
in the leukocyte count with a marked shift 
to the immature forms of the granulocytic 
series. In one patient, diarrhea was ob- 
served, but this subsided when the drug 
was discontinued. Tumor doses of 400 
to 500 rad per treatment are tolerated 
when combined with colchicine pretreat- 
ment. 


DISCUSSION 


In the past a number of reports have 
appeared in the literature describing the 


combined use of colchicine and irradiation 
for the treatment of tumors (9-12). Since 
it was known that colchicine interrupts 
cellular mitosis in the stage of metaphase, 
the earlier studies were based on the sup- 
position that ionizing radiations exerted 
the most harmful effects on mitotic chro- 
mosomes. More recent work, however, in- 
dicates that the most radiosensitive stage 
of mitosis is early prophase, while the stage 
of metaphase is radioresistant (13). Al 
though several different technics for 
investigating the combined effects of col 
chicine and x-ray therapy have been em- 
ployed, the results are equivocal. Fur 
thermore, it appears that no attempt was 
made to correlate the time of administra- 
tion of the drug and the subsequent irradia- 
tion. The most difficult problem faced 
by previous investigators was the lack ofa 
suitable biological indicator system whic! 
would lend itself to objective measurements 
of the synergistic tissue effects of colchicine 
and x-ray irradiation in contrast to the ust 
of either agent alone. This problem now 
appears to have been solved satisfactorily 
by the technic of microscopic examination 
of newly plucked hairs described above. 
The experimental findings reported here 
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indicate that colchicine and x-ray irradia- 
tion produce a synergistic effect on atrophy 
and dysplastic changes 1n the hair matrix 
and hair shaft, and that these alterations 
are observed only when the administration 
of colchicine precedes irradiation by sixteen 
hours. The importance of this observa- 
tion is emphasized by the fact that no other 
time interval studied consistently showed 
significant colchicine effects. The sug- 
gestion in Figures 5 and 6 that there may 
be additional time peaks in the range of 
two, four, and twelve hours is not statis- 
tically confirmed. 

The mechanism of the synergistic action 
of colchicine and irradiation is presently 
under study. It is possible that colchicine 
acts by marshalling a relatively large 
number of cells into the radiosensitive stage 
of early prophase at the critical time period 
for irradiation. This action would be in- 
fluenced, however, by the prolonged period 
of metaphase arrest and some degree of 
cellular degeneration which usually follows 
colchicine administration. It is perhaps 
more likely that greater hair damage re- 
sults from the synergistic effects of two 
related or unrelated forms of cellular in- 
jury separately induced by colchicine and 
irradiation, independent of colchicine’s 
anti-mitotic properties. 

Whether other normal or abnormal tis- 
sues will respond similarly to the combined 
use of colchicine and x-ray irradiation is 
not yet known. It has been shown, how- 
ever, that in both tumor-bearing human 
beings and laboratory animals there is 
diminished urinary excretion of colchicine 
iollowing the administration of the C!'- 
labeled drug (14). This strongly suggests 
that the absorption and metabolism of 
administered colchicine differ in man and 
animals afflicted with tumors. 


The responsiveness of a variety of ex- 
perimental tumors as well as a smaller 
number of advanced neoplasms in man is 
now under study. The therapeutic results 
noted in the original patient with mycosis 
lungoides have already been described, 
and it is of interest that the best treatment 
‘sponse was obtained only within the same 


sixteen-hour period separating colchicine 
administration and x-ray irradiation that 
was found to be critical in the experimental 
work on mice. 


SUMMARY 


1. The technic for microscopic exam- 
ination of rodent hairs has been used to 
determine whether colchicine exerts a 
synergistic effect on dysplastic changes in 
growing hairs induced by local x-ray irradi- 
ation. 

2. The experimental findings indicate 
that significant synergism occurs, but only 
when a specific time interval of sixteen 
hours separates colchicine administration 
from x-ray irradiation. No other time 
interval studied consistently exerted a 
similar effect. 

3. No protective action of colchicine 
was noted in these studies. 

4. Increased responsiveness to x-ray 
irradiation following intravenous admin- 
istration of colchicine was observed in a 
single patient with mycosis fungoides. 


Argouane Cancer Research Hospital 
950 E. 59th St. 
Chicago 37, Il. 
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SUMMARIO IN INTERLINGUA 


Modification del Responsa a Radiation in — per Colchicina: Effectos in Radices de Capillo 
urin 


‘Capillos crescente de mus responde al 
roentgeno-irradiation per alterationes dys- 
plastic in le scapos e atrophia del bulbos, e 
le numero de capillos afficite es propor- 
tional al dose de radiation. Esseva tro- 
vate que iste effecto es intensificate per le 
administration de colchicina, sed le syn- 
ergismo esseva observate solmente quando 
le administration de colchicina precedeva 
le irradiation per dece-sex horas. Nulle 


altere del intervallos de tempore studiate 
permitteva le obtention de un simile ef- 


fecto. 


Esseva effectuate un essayo clinic del 
combinate effecto de roentgeno-irradiation 
e colchicina in un sol patiente con mycosis 
fungoide in qui le roentgeno-therapia per se 
habeva remanite inefficace. Como in le 
caso del experimentos animal, un bon 
responsa esseva observate quando le inter- 
vallo inter le administration de colchicina 
e le irradiation esseva dece-sex horas. 
Nulle alteration essential esseva apparente 
con intervallos de quatro e octo horas, 
sed un definite responsa esseva presente 
post intervallos de dece-duo horas. 
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WORK IN PROGRESS 


The Design of Metallic Tip Catheters’ 


ERT M. LOWMAN, M._D., and 
RORCOLIN M. BLOOR, M.D.? 


Opacification of the aortic arch and, in particular, 
coronary arteriography have been carried out with 
various catheter designs (1, 2, 4, 7). Metallic tips 
have been used before but never described in detail 
35,6). The development and plan of a new metal- 
le catheter tip which permits the design and fabri- 
cation of catheters for differential opacification of 
the aortic arch comprises the basis for this report. 

Catheter: A metallic tip (Fig. 1, A and B) is 
swaged to fit the end of a suitable piece of radio- 
lucent polyethylene tubing. The design of this tip 
permits rapid construction of specific catheters when 
needed and it may be re-used. The metallic catheter 
tip has a smooth-bore polished surface. Two de- Fig. 1. A. Polyethylene catheter with closed-end, 
signs are available—one with an end opening and stainless mone] metal tip in place. 
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Fig. 1. B. Drawing of metallic tips, including dimensions to a scale of 10:1. 


side holes and the other with a closed end and side Discussion: The metallic tip, when swaged to the 
holes. end of a suitable polyethylene tubing, has produced 

Opaque guides (lead or stainless steel shots in- catheters which could be localized with ease under 
serted into the distal tips) for polyethylene catheters fluoroscopic guidance. The design of the tip with 
of any size may also be used. These are heat-sealed its smooth-bore rounded surface provides for easy 
it the ends of the catheter and can readily serve as insertion into the arterial or venous channel. Cath- 
markers, eters of this design can be utilized for retrograde 
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Fig. 2. Metallic tip catheter in use. 
the supravalvular segment of the aorta. B. 


medium to opacify the supravalvular segment of the aortic arch. C. 


in the descending aorta for regional pressure recording. 


introduction into the arterial svstem without flexible 
wire guides. 

The additional weight of the metallic tip aids in 
manipulation of the catheter with changes in the 
position of the animal. In addition, the tip cbviates 
the need for injecting opaque material for localiza- 
tion of the catheter (Fig. 2, A). When the tip witha 
closed end and side holes is used, a spray-like effect 
of the medium is obtained. This can easily opacify 
the large volume of the supravalvular segment of 
the aortic arch (Fig. 2, B). The metallic tip also 
makes possible radiological localization of the 
catheter in specific regions of the vascular system for 
appropriate pressure recordings (Fig. 2, C). 

Summary: The design of a new metallic catheter 
tip is described and illustrated. 

The advantages of this metallic tip over other 
commonly used types in regard to ease of guidance 
and location are discussed. A tip of one design 
vields a spray-like effect of the opaque medium 
which renders opacification of large volumes, «uch 
as the supravalvular segment of the aorta, a standard 
procedure. The use of polyethviene tubing with 
the metallic tip provides a substantial reduction of 
cost in the fabrication of the catheters. 
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A. The tip (arrow) serves as a marker locating the catheter’s position in 
Closed-end metallic tip with side holes effectively sprays the opaqu 


Metallic tip locates the catheter (arrow 


Fig. 3. Schematic diagram of 
closed-end metal tip with side holes, 
illustrating how the spray effect of the 


opaque material is achieved. 
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The Forty-Seventh Annual Meeting of 
the Radiological Society of North America 
will be held November 26 to December 1, 
1961, at the Palmer House, Chicago. We 
are especially fortunate this year in that 
the hotel has made available to us addi- 
tional space on the fourth floor so that we 
will have three large meeting rooms close 
together for sections meeting simultane- 
ously. 

_ The Scientific Program for the meeting 

was arrived at by a process of selection that 
guarantees its excellence. The number 
of papers submitted far exceeded the time 
available and the Program Committee 
experienced great difficulty in making final 
choices among the many worthwhile con- 
tributions reviewed. It was with deep 
regret that we were obliged to reject many 
papers, and our sincere thanks are ex- 
tended the numerous applicants for whom 
room could not be made. 

We are highly honored this year in hav- 
ing on the general program five outstanding 
Swedish radiologists, who will participate 
in the Diagnostic Sessions, the Therapy 
Sessions, and the Refresher Courses. Our 
Swedish guests are Dr. Elis Berven, Dr. 
Ake Lindbom, and Dr. Bjorn Norden- 
strém of Stockholm, and Dr. Olle Olsson 
and Dr. Erik Boijsen of Lund. 

The Refresher Courses will, as usual, be 
an outstanding feature of the meeting. 
Dr. Justin J. Stein will open the courses on 
Sunday afternoon with a symposium en- 
titled, “Combined Radiotherapy-Chemo- 
therapy in the Treatment of Cancer.” 
The second session will be on the practical, 
photographic, mechanical, and electronic 
aspects of “Image Intensification and 


Cineradiography,”’ presented by Drs. Majic 
Potsaid and E. W. Webster. 


Dr. H. M. 
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Stauffer has arranged a series of papers on 
the clinical aspects of this subject to be 
presented in the Diagnostic Section on 
Tuesday afternoon. The Sunday evening 
film-reading session will be conducted by 
Dr. Ted F. Leigh. , 

Refresher Courses will continue Monday 
morning from 8:30 to 12:00 followed bya 
group of Refresher Courses on each sub- 
sequent morning from 8:30 to 10:00. The 
list of courses, together with an application 
blank, will be published in the October issue 
of RaApIoLoGy. Since the demand for 
many of these courses ‘exceeds the room 
space available, it is advisable that applica- 
tion be made as early as possible. As in 
previous years, residents in_ radiology, 
trainees in physics, interns, and medical 
students w&lL.be exempt from paying the 
registration Tee and will be accommodated 
in the three largest rooms— the Grand Ball- 
room, the State Room, and the Red Lacquer 
Room. If space is available at the begin- 
ning of a course held in a smaller room, they 
will be admitted. 

A General Session of the Society 1s 
scheduled for Monday afternoon. Diag- 
nostic Sessions will be held on Tuesday, 
Wednesday, and ‘Thursday mornings and 
afternoons. 

A Session on Radiobiology Tuesday 
morning has been arranged by Dr. G. M. 
McDonnel, and a Session on Nuclear 
Medicine Wednesday morning, conducted 
by Dr. John P. Storaasli. 

The number of Therapy Sessions has 
been expanded this year because of the 
large number of excellent papers sub- 
mitted in this field. Therapy Sessions 
will be held Tuesday afternoon, Wednesday 
afternoon, Thursday morning, and T hurs- 
day afternoon. 
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Physics Sessions, arranged by Dr. John 
Hale, will be held Thursday morning and 
Thursday afternoon. 

Three Works-in-Progress Sessions are 
planned : Physics, Wednesday afternoon, 
under the direction of Dr. W. K. Sinclair; 
Diagnosis, Friday morning, conducted by 
Dr. Ted F. Leigh; Therapy, Friday morn- 
ing, arranged by Dr. Jesshill Love. 

The Memorial Fund Lecture wil] be 
siven on Monday afternoon. 

y The Carman Lectures, which have been 
a tradition of the Society since 1934, came 
toan end at the 1960 meeting in Cincinnati. 
Beginning this year, these will be replaced 
byan Annual Oration honoring the memory 
of some eminent radiologist. The Annual 
Oration this year will be in honor of Dr. 
Donald S. Childs and will be given by Dr. 
Laurence L. Robbins on Tuesday evening. 

A further innovation this year will be a 
dinner dance to be held on Thursday night, 
Nov. 30. The Gold Medal will be awarded 


immediately after the dinner. 
Dr. Claude R. Snead, Chairman of the 


Commercial Exhibits Committee, has ar- 
ranged an excellent group of exhibits, 
though lack of space necessitated refusal 
of about thirty applications for this part 
of the program. It is hoped that the 
Palmer House will be able to enlarge the 
Commercial Exhibit space before another 
meeting. 

Dr. Everett Pirkey has made all the 
arrangements for the Scientific Exhibits. 
Unfortunately, as with the Commercial 
Exhibits, space was not available to 
accommodate all the would-be exhibitors. 


The Sales Department of the Palmer 
House has given invaluable assistance in 
arranging this meeting, and we take this 
opportunity to thank the staff for their 
many courtesies and suggestions in regard 
to innumerable details. The Society 
wishes, also, to express its sincere thanks to 
the Chicago Roentgen Society for offering 
to sponsor and aid the meetings of the 
Radiological Society of North America for 
the next five years in Chicago. Dr. George 
B. Cahill is General Chairman of the Local 
Committees, which have done an out- 
standing job to insure that our meeting 
will be a great success. 

Mrs. George B. Cahill and Mrs. John H. 
Gilmore, Co-Chairmen of the Ladies Com- 
mittee, have arranged an interesting series 
of events for the ladies. Beginning Mon- 
day, the Ladies Hospitality Room will be 
open every day, including Friday. Mrs. 
Cahill and Mrs. Gilmore urge that the at- 
tention of the ladies be called to the Hospi- 
tality Room as it affords an opportu- 
nity to meet old friends and make new ones. 

Finally, as President, I wish to thank 
the speakers who are appearing on the 
program, the officers, the counselors, the 
committees (particularly the Program 
Committee), the many members whose aid 
we have enlisted, and Mrs. Marguerite 
Henry, for all their assistance in insuring 
an outstanding meeting of the Radiological 
Society of North America for 1961. 

May I urge you all to come to Chicago 
and enjoy this meeting. 

H. Mitton Bere, M.D. 
President 


RADIOLOGY REFRESHER COURSES: POSTGRADUATE INSTRUCTIoy 
SOUTHERN MEDICAL ASSOCIATION 


As an experiment in postgraduate education, the 
Radiological Society of North America, in co-opera- 
tion with the Southern Medical Association, will 
present four Refresher Courses during the annual 
meeting of the Southern Medical Association at the 
Adolphus Hotel in Dallas, Texas. 

Attendance is limited to radiologists, including 
graduate students and residents in radiology, and 
medical students certified by the deans of their re- 
spective schools. Members of the Radiological 
Society of North America may attend the courses 
without charge. A registration fee of $10 will be 
charged to other radiologists with the exception of 
graduate students and residents in radiology, mem- 
bers of the Armed Forces on temporary duty, and 
medical students certified by the deans of their re- 
spective medical schools. All must register at the 
Registration Desk. Payment of the registration fee 
by non-members is not to accompany the request for 
tickets but is to be paid at the time of registration. 
All Refresher Course tickets will be held at the 
Registration Desk in the Adolphus Hotel. Please 
call for them there. Positive identification will be 


Course No. 1: Tuesday, November 7 
1:30-3:00 P.M. 


Some Fundamentals of Chest Roentgenology 
BENJAMIN FELSON, M.D., Cincinnati, Ohio 


This course will deal primarily with principles 
rather than with specific disease entities. The 
material to be presented will be different from that of 
earlier refresher courses by the author. It will in- 
clude the following: 


1. The hila and pulmonary vasculature 
The pleura 
The diaphragm 


Course No. 2: Tuesday, November 7 
3:30-5:00 P.M. 


Recent Advances in Gastrointestinal 
Radiology 
RICHARD H. MARSHAK, M.D., New York, N. Y. 


The course will be divided in four parts. 

Part I: Newer concepts in the interpretation of 
lesions of the gastrointestinal tract. 

Part II: Roentgen findings in the recently de- 
scribed syndromes such as the Zollinger-Ellison syn- 
drome, Peutz-Jeghers’ disease, carcinoid syndrome, 
toxic dilatation of the colon, villous adenoma, etc. 


2. 
3. 


required for non-members and guests for admission to 
the Refresher Courses. If you cannot USE the 
tickets you have reserved, please notify the Re. 
fresher Course Committee. 

Admission to the Courses will be by presentation 
of the registration badge and a ticket for the desire 
Course. Read the description of the Courses, notin; 
particularly the dates and time, and make your 
selection. Turn to the colored insert and indicate 
thereon those Courses which you wish to attend ani 
mail the request promptly. The number attendip; 
the Courses will be limited by the capacity of the 
room, and request for tickets will be honored in the 
order in which they are received. You will be noti. 
fied regarding the availability of tickets as soon as 
possible after receipt of your request. 

We would appreciate suggestions concerning thee 
Courses as they are presented, as well as your 
thoughts as to the desirability of this type of course 
at the Southern Medical Association. Please send 
any comments to the Chairman of the Refresher 
Courses Committee: John D. Reeves, M_D., Uni- 
versity of Florida Hospital, Gainesville, Fla. 


Part III: Technical factors in the examination of 
the gastrointestinal tract as well as a discussion oj 
the various barium preparations. 

Part IV: Questions and answers. 


Course No. 3: Wednesday, November 8 
1:30-3:00 P.M. 


Recent Advances in Gastrointestinal 
Radiology 
RICHARD H. MARSHAK, M. D., New York, N. Y. 


(Continued from Tuesday, Course No. 2) 


Course No. 4: Wednesday, November 8 
3:30-5:00 P.M. 


Roentgenography of the Plain Skull 
WILLIAM B. SEAMAN, M.D., New York, N. ¥. 


A review of the fundamental principles of the it 
terpretation of the skull roentgenogram with par 
ticular emphasis on the evaluation of the sel 
turcica and the differential diagnosis of intracrania! 
calcifications. The problem of the differents! 
diagnosis of cranial hyperostoses will be presented 
and the differentiation of fibrous dysplasia and the 
hyperostoses associated with meningiomata will be 
discussed in detail. 
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ARKANSAS RADIOLOGICAL SOCIETY 


Newly elected officers of the Arkansas Radiological 
society are: President, Joseph A. Norton, M.D., 
Little Rock; Vice-President, Joe B. Scruggs, Jr., 
MD., Little Rock; Secretary-Treasurer, Charles 
W. Anderson, M.D., 1108 1/2 Poplar, Pine Bluff; 
Councilor to the American College of Radiology, 
Joseph D. Calhoun, M.D., Little Rock; Alternate 
Councilor, Ernest A. Mendelsohn, M.D., Fort 


Smith. 
NEW ENGLAND ROENTGEN RAY SOCIETY 


Officers of the New England Roentgen Ray 
Society for 1961-62 are: President, John E. Gary, 
MD., Lincoln, Mass.; President-Elect, Milford D. 
Schulz, M.D., Belmont, Mass.; Vice-President, 
Robert A. Grugan, M.D., Springfield, Mass.; 
Treasurer, H. Peter Mueller, M.D., Belmont, 
Mass.; Secretary, Robert E. Wise, M.D., 605 
Commonwealth Ave., Boston 15, Mass. 

The Society meets the third Friday of each month, 
October through April, at Longwood Towers, 
Brookline, Mass., at 4:30 P.M. 


OREGON RADIOLOGICAL SOCIETY 


The following are the new officers of the Oregon 
Radiological Society: President, L. Allan Gay, 
M.D., The Dalles; President-Elect, Joseph F. 
Haslinger, M.D., Portland; Secretary-Treasurer, 
George R. Satterwhite, M.D., Willamette Falls 
Community Hospital, Oregon City. 


ANNUAL MEMORIAL MEDAL 
ASSOCIATION OF UNIVERSITY 
RADIOLOGISTS 


The Association of University Radiologists has 
recently established an annual Memorial Medal 
Award in honor of deceased members, to be granted 
to the resident in radiology writing the best original 
paper on some aspect of radiology during the period 
of competition. The paper must be the work of a 
single author, the resident. Manuscripts to be 
considered for the 1962 competition must be re- 
ceived by March 1, 1962. Inquiries should be 
addressed and papers submitted to the Secretary, 
Herbert M. Stauffer, M.D., Department of Radi- 
ology, Temple University Medical Center, Phila- 
delphia 40, Penna. 

The 1961 Memorial Medal was awarded to Dr. 
Burton Seife, Resident, Yale University, for his 
paper, “Radioactive Inert Indicator Method for 
Intestinal Absorption Utilizing Differential Count- 
mg, presented at the recent meeting of the Asso- 


ciation at Stanford University Medical Center, 
Palo Alto, 


The 1962 annual meeting will be held at Indiana 
University, Indianap olis, May 19 and 20. 


DR. RICHARD H. CHAMBERLAIN 
SUCCEEDS DR. EUGENE P. 
PENDERGRASS 


Announcement has been made of the appoint- 
ment of Dr. Richard H. Chamberlain, Professor of 
Radiology at the University of Pennsylvania School 
of Medicine, to the chairmanship of the Department 
of Radiology, succeeding Dr. Eugene P. Pender- 
grass. Dr. Pendergrass became emeritus professor 
of radiology on July 1, but continues in active 
medical practice. 

Dr. Chamberlain is a native of Jacksonville, Fla. 
He was graduated from Centre College, Danville, 
Ky., in 1934 and received his M.D. degree from the 
University of Louisville School of Medicine in 
1939. In 1946, he was appointed instructor in 
radiology at the School of Medicine of the University 
of Pennsylvania and in 1952 received advancement 
in academic rank to professor of radiology. He is 
a member of the Advisory Editorial Board of 
RADIOLOGY. 

Ceremonies honoring Dr. Pendergrass were held 
on July 24, in Medical Alumni Hall, Hospital of the 
University of Pennsylvania, when his portrait was 
presented to the University. Dr. Pendergrass has 
been associated with the University of Pennsylvania 
since his graduation from its School of Medicine in 
1918. He served as Chief of Radiology in the 
Hospital and Chairman of the Radiology Depart- 
ment of the School of Medicine from 1937 until 
July 1, 1961. He is Past-President of the American 
College of Radiology and of the Radiological Society 
of North America. The portrait, painted by Roy 
F. Spreter, a Philadelphia and New York artist, 
was presented by Dr. Philip J. Hodes, Chairman of 
the Department of Radiology at Jefferson Medical 
College, representing the Association of Pendergrass 
Fellows, an organization composed of former 
residents and fellows in radiology who received 
training in their specialty under Dr. Pendergrass. 


OPERATIVE RADIUM THERAPY DAY 
QUEENS (N. Y.) HOSPITAL CENTER 


An operative Radium Therapy Day is to be given 
at the Queens Hospital Center, Jamaica, N. Y., 
by the Radiation Medicine Department on Wednes- 
day, Oct. 18, 1961. The program will cover the use 
of interstitial radiation in the oral cavity; radical 
insertion of radium in the neck; various applicators 
in carcinoma of the cervix; the Heyman applicators 
in carcinoma of the endometrium; radium needles 
in the parametria; and radon, iridium-thread, and 
cobalt interstitial therapy. Clinical demonstration 
will depend on availability of patients. Registra- 
tion fee is $10.00. Applications should be addressed 
to Dr. Philip J. Kahan, Supervising Medical 
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Superintendent, Queens Hospital Center, 82-68 
164th St., Jamaica 32, N. Y. 


ERRATUM 


Due to an unfortunate typographical error in the 
article, ‘‘Chemical Protection Against X-Radiation 
in the Guinea-Pig,” by Richard Wagner, M.D., 
and Irving B. Joffe, M.D., in RaproLocy for July 
1961 (77: 125, 1961), the number of surviving ani- 
mals was given as 2 instead of 8. The first sentence 
of the third paragraph from the end of the article 
should read: ‘The 8 survivors were re-irradiated 
with 275 r, and 6 of them were again protected with 
100 mg. sodium ribonucleate before and after 
irradiation.” 


Letters to the Editor 


THE SIGNIFICANCE OF GRID RATIO IN 
CLINICAL RADIOGRAPHY 


Dr. Howard P. Doub, Editor 


DEAR Sir: 

In a paper on The Significance of Grid Ratio in 
Clinical Radiography, appearing in your esteemed 
journal in December 1960 (Vol. 75, pp. 925-931), 
Dr. Benjamin Felson and Mr. Otto E. W. Schmidt 
reported a comparative investigation with 8 different 
grids. All had the same lamellae density (strips/ 
inch) and thickness, only the heights of the lamellae 
being different. The aim of the investigation was 
to demonstrate with the aid of medical objects that 
a higher grid ratio is better than a lower one. 

In view of the fact that this investigation was 
conducted with the support of a prominent grid 
manufacturer, I think it worthwhile to make the 
following commentary. 

As a rule, in practice—and for good reason in 
theory, too—grids with an equal number of lamellae 
per centimeter (should) have lamellae of greater 
thickness at a higher ratio. The thicknesses 
(should) change approximately proportionately 
with the height. The 8 grids with lamellae of 
different heights with equal thickness are therefore 
not representative of grids with different ratios as 
found in practice. 

The investigation with these 8 grids can better 
be regarded as a particularly roundabout way 
(medical objects, 12 observers in three different 
cities) of confirming—with medical radiographs, 
too—the well known fact that more lead gives 
better contrast. 

Since this can be proved much more exactly by 
other means, the results described, together with the 
conclusions, are rather to be seen as a proof that the 
method followed—along a difficult path—has never- 
theless been reasonably good from the qualitative 
angle. 

The danger of this publication is that it gives the 
impression that the ratio as such, i.e., independent 


of other factors such as the number of st 
inch, is a factor of quality. 

In the event that a material other thay lead 
were used, ¢.g., uranium or tungsten, the article 
could lead to increased confusion, since better grids 
can then be produced with lower ratios, 

Yours faithfully, 
Ir. W. Honpivs 
Eindhoven, Holland 


Tips per 


Dr. Howard P. Doub, Editor 


DEAR Sir: 

We are glad to have an opportunity to reply to 
Mr. Boldingh’s criticism of our paper. His state. 
ment that grids with an equal number of lamellae 
per centimeter should have lamellae of greater 
thickness at a higher ratio is debatable and a matter 
of opinion. He further states that cur 8 grids with 
lamellae of different heights, of equal thickness 
are therefore not representative of grids with differ. 
ent ratios as found in practice. This statement js 
not true of grids used in the United States and we 
seriously doubt its validity with regard to Eur. 
opean grids. The Liebel-Flarsheim Company, 
which manufactures most of the grids in the United 
States, uses the same lead thickness for all 80-line 
grids from 5:1 ratio up to 16:1 ratio, so our grids 
were certainly representative of those in this 
country. In a paper co-authored by Mr. Boldingh 
(Acta radiol. 52: 149, 1959) four of the grids de- 
scribed, despite the fact that they differed in ratio, 
had between 23 and 28 lines per centimeter anda 
lead thickness of 0.05 mm. Thus, Mr. Boldingh’s 
statement in his letter is inconsistent with his 
earlier publication. We feel that the grids used 
in our investigation were quite representative of 
those employed in America, and probably also of 
those in Europe. 

Mr. Boldingh mentions ‘“‘the well known fact” 
that more lead gives better contrast. The “fact” 
quoted is one of the conclusions drawn in his 
1959 article. In our opinion it is rather incon- 
clusively supported by the evidence given. In- 
dependent investigation indicates that the relation- 
ship of both ratio and lead thickness to grid effective: 
ness is much more complex than he assumes. As 
far as our method being a “roundabout way, 
the proof of a grid’s effectiveness is what it does for 
the radiologist under medical conditions. This 
seems to us to be the most direct approach possible 
to evaluate a grid for the man who is going to use't. 

Our critic further states that “the danger of this 
publication is that it gives the impression that the 
ratio as such .. . is a factor of quality.” The ratio 
definitely is a factor of quality. It is not the only 
factor determining the effectiveness of a grid but tt 
is a very important one. Our paper also devotes 
several paragraphs to the various other factors 
involved. However, these were held constant in 
our study because grid ratio was the only variable 
under investigation. 
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In regard to the use of materials other than lead 
in the manufacture of grids, of course new standards 
and experimentation would then be required. Cer- 
tainly, in this event, reliance should not be placed 
on any of the studies in the literature which utilize 
lead to remove secondary radiation. 

Sincerely yours, 
Otto E. W. SCHMIDT 
BENJAMIN FELSON, M.D. 
CINCINNATI, OHIO 


Books Received 


Books received are acknowledged under this 
heading and such notice may be regarded as recog- 
nition of the courtesy of the sender. Reviews will 
be published in the interest of our readers and as 
space permits. 

Dig JUVENILEN Ri CKGRATVERKRUMMUNGEN. By 
Priv.-Doz. Dr. med. Friedrich Wilhelm Rathke, 
Heidelberg. With a Foreword by Prof. Dr. K. 
Lindemann, Heidelberg. A volume of 156 pages 
with 198 illustrations on 122 figures. Published 
by Georg Thieme, Herdweg 63, (14a) Stuttgart, 
Germany, 1961. Distributed in the United 
States and Canada by Intercontinental Medical 
Book Corporation, New York 16, N. Y. Price 
DM 23.60 ($5.90). 


LA RADICULOGRAPHIE LOMBO-SACREE PAR SUBSTANCE 

HYDROSOLUBLE ET RESORBABLE. By 
Jacoues FeRRAND, Chirurgien des hépitaux, JEAN 
Ropert D’EsHOUGUES, Médecin des hdpitaux, 
Professeurs agrégés a la Faculté de Médecine, and 
Jacques Barsott1, Chirurgien assistant des 
hépitaux (Alger). With the technical collabora- 
tion of René Lamy, Electro-radiologiste des 
hépitaux d’Alger, and Robert Botella, Dipléme 
d'éectro-radiologie. Preface by Prof. F. Coste. 
A monograph of 108 pages, with 82 figures. 
Published by Expansion scientifique francaise, 
15, rue Saint-Benoit, Paris VI, France, 1961. 


Book Reviews 


Cunicat Use oF RaprorsoTopes: A MANUAL OF 
TecuNigue. Edited by THEopore M.S., 
FACR. (Assoc.), Chief, Physics Section, Radio- 
isotope Service, Veterans Administration Hospital, 
Hines, Ill.; Instructor in Radiology, Northwestern 
University Medical School; Attending Physicist, 
Cook County Hospital, Chicago, Ill.; Certified 
Medical Nuclear Physicist, American Board of 
Radiology, and Linpon Seep, M.D., Clinical 
Associate Professor of Surgery, University of 
Illinois College of Medicine; Director of Isotope 
Laboratories, Augustana Hospital, Chicago, IIL, 
and Oak Park Hospital, Oak Park, Ill.; Consult- 
ant in Radioisotopes, Veterans Administration 

Hospital, Hines, Ill. A volume of 476 pages, 

with 77 figures. Published by The Year Book 
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Publishers, Inc., Chicago 11, Ill., 2d ed., 1961. 
Price $10.50. 


Since the publication of the first edition of this 
book, the clinical application of radioactive isotopes 
has continued to expand. From the great number 
of variations of each basic procedure which have 
appeared, the editors of this volume have selected 
for discussion those which they consider to be most 
reliable. Their emphasis is upon possible differences 
of technic. Contributing authors were chosen for 
their particular interest and experience. 

The contents are grouped in four parts covering 
routine clinical diagnostic tests, routine clinical 
therapy technics, planning and operating the 
radioisotope laboratory, and _ radiation safety. 
Not only are the recommended diagnostic and 
therapeutic technics described but there is some 
discussion of the selection of patients and the 
interpretation of results. Possible sources of error 
in performing the tests are described, and the 
value of the therapeutic procedures is considered. 

The section on planning and operating a radioiso- 
tope laboratory includes a list of sources of radio- 
isotopes and discusses their procurement from 
commercial and government suppliers. The section 
on Atomic Energy Commission regulations has been 
omitted from the second edition. Basic laboratory 
instrumentation and facilities, including radiation- 
measuring devices, are listed, and a suggested design 
for a laboratory is presented. 

The section on radiation safety includes general 
recommendations for radiation safety and protec- 
tion. Laboratory regulations are discussed, and 
protection of clinical and laboratory personnel is 
emphasized. Suggested instructions for handling 
radioisotope patients are presented in outline 
form. Appendixes include an extensive glossary, 
selected formulas, decay tables of some of the com- 
monly used isotopes, and sample record and report 
sheets. 

The procedures and technics selected for dis- 
cussion seem sound and practical, and an extensive 
bibliography after each section permits reference 
to descriptions of other methods of performing the 
tests listed. While some may prefer particular 
technics not included here, the authors achieve 
their stated purpose of presenting a_ practical 
manual which should prove useful as a guide in 
setting up and operating a radioisotope laboratory. 


INTRODUCTORY MANUAL ON THE CONTROL OF 
HEALTH HAZARDS FROM RADIOACTIVE MATERIALS. 
By the COMMITTEE ON PROTECTION AGAINST 
IONIZING RapIATIONS. Medical Research Council 
Memorandum No. 39. A pamphlet of 22 pages, 
with 7 tables. Published by Her Majesty’s 
Stationery Office, London, England, 1961. Price 
1s.9d. 


The revised edition of this ‘Introductory Manual 
on the Control of Health Hazards from Radioactive 
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Materials”’ is, like its predecessor, intended mainly 
for the guidance, in outline, of those concerned 
with the manipulation of radioactive materials in 
laboratories and elsewhere. The recommendations 
on maximum permissible doses of external and in- 
ternal radiation and on maximum _ permissible 
concentrations of radioisotopes in air and in water 
are based on those of the International Commission 
on Radiological Protection (1959) and of its Com- 
mittee on Permissible Dose for Internal Radiation 
(1960), as well as on those of the Medical Research 
Council's Committee on Protection Against Ioniz- 
ing Radiations. Wherever there is lack of agree- 
ment between these two bodies, the British views, 
based on the most up-to-date information available, 
are expressed. 

Brief but comprehensive directives are given under 
each of the chapter headings: General Nature of 
the Hazards; Maximum Permissible Dose of Radia- 
tion; The Measurement of Radiation Dose and 
Dose-Rate; Acceptable and Hazardous Amounts 
of Radioactive Material; Laboratory Facilities; 
Protective Clothing and Devices; Handling of 
Radioactive Isotopes; Eating, Smoking and Wash- 
ing; Storage; Disposal of Radioactive Wastes 
(Liquid, Gaseous and Particulate, and Solid); 
Transport of Radioactive Material. 

An appendix gives a table of shield thicknesses for 
laboratory sources. 
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LYMPHANGIOGRAPHIE 


Twenty years ago the collagen diseases occupied 


the hinterland of clinical medicine. Then a few 
pioneering investigators opened the gate, partic- 
ularly with the practical application of cortisone, 
permitting this group of diseases to enter into the 


AND BooK REVIEWS 


September |y, 


field of treatable ailments. Today medicine finds 
itself in a similar position as regards diseases of th 
lymphatic system. Here the gate that is itis 
is roentgen lymphangiography and lymphade 
nography; the key is the Kinmonth methoq of 
delineating and cannulating the lymph ves) 
What the final revelations will be, one cannot 
dict; one can prophecy, however, an entire 
sweep of diagnosis, prognosis, and therapy. 

The authors of the present volume have concen 
trated on fundamentals, as is fitting with a nes 
endeavor. Therefore, the most complete portion ij 
the book deals with the normal anatomy—ty; 
microscopic and gross—of the lymph vessels 4 
they appear on the roentgenogram. The ty, 
chapters on these aspects are preceded by a shor 
historical survey and followed by minutely detaile) 
directions for outlining the lymphatics with contray 
material, cannulating the vessel, and _producin; 
workable roentgenograms. A very important phase 
of film interpretation, one usually neglected |) 
theorists, is the detection of artefacts and fale 
positives. Both are recognized by the author, 
who assign them a full chapter. 

On the basis of convenience, the lymphangiop 
athies are divided into two groups: the primary 
and the secondary. Developmental hypoplasia 
lymphangiopathia obliterans, developmental lymph 
angiectasis, Milroy’s disease, and certain of the 
lymphangitides are considered primary. Pressure 
obstruction, lymph cysts, varices of the lymphatics, 
post-phlebothrombosis syndrome, and _ obstruction 
from local trauma are classified as secondary. 

This investigation is remarkable in that, as pointed 
out by Dr. K. Fellinger in the Foreword, it was con- 
ducted by free individuals, on a modest budget, 
without a houseful of expensive, special equipment 
The volume is incomplete largely because it is a 
pioneering effort; any ideas for a complete definitive 
text must be postponed, perhaps for years. Lym- 
phadenography in its normal and pathological phases 
is little more than glossed over here. The possible 
therapeutic application of Kinmonth’s method oi 
injecting a lymph vessel is not mentioned at all. 

Nevertheless, despite its brevity, the book must 
be recommended because it is one of the first on the 
subject. It is adequately illustrated. The senpt 
is simple, precise German that augments the utility 
of this essay by keeping it unencumbered with 
verbiage. 
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IN MEMORIAM 


WILLIAM HENRY MEYER, M.D. 
1879-1961 


Dr. William H. Meyer of New York City, N. Y., 
died a June 14, 1961, of a ruptured abdominal 


Dr. Meyer was born on Dec. 17, 1879, in Brooklyn, 


y. Y,, and received his medical education at the 
College of Physicians and Surgeons, Columbia Uni- 
versity, obtaining his M.D. in 1902. — Perhaps be- 
cause of the promised certainty in diagnosis as a 
result of Roentgen’s discovery in 1895, Dr. Meyer 
yas attracted to radiology while still in college and, 
iter a short time in general practice, began to spe- 
cialize in that field, installing in his private office a 
machine which ran on static electricity. He ac- 
quired further experience in several city institutions 
and finally obtained an appointment as radiologist 
in Bellevue Hospital, and later at the New York 
Post-Graduate Hospital and Medical School. He 
was Director of Radiology at the latter institution 
from 1916 until his retirement in 1948. 

Dr. Meyer was one of the pioneers in radiology, 
beginning in the early days when exposures were 
measured in fractions of an hour. At that time, his 
attention was focused on the osseous system. He 
was one of the first to emphasize the importance of 
right-angle projections for accuracy of interpreta- 
tion. He also stressed the correlation of physics 
and mathematics with problems in diagnosis. 
This was the central theme of his textbook, Clinical 
Roentgen Pathology of Thoracic Lesions. 

The Post-Graduate Hospital and the Hahnemann 
Hospital in Chicago had been the first in this country 
to install x-ray machines in 1896. Under Dr. 
Meyer's direction the first valve tube rectified x-ray 
diagnostic machine to be built in America was in- 
stalled in the diagnostic division of the Post-Grad- 
uate Hospital, as was the first constant potential 
200-kv deep-therapy transformer, the latter in 1921. 
Early in his directorship he was responsible for the 
development and installation of the first shock- 
proof deep-therapy tube shield. 

Dr. Meyer was much concerned for accuracy of 
calibration in radiotherapy and collaborated with 
Otto Glasser in research to determine the variation 
in the erythema dose with quality. He followed up 
the work of the physicist, Christian, who stated, 
“Eventually all methods of quality determination 
will be evaluated by means of the half value layer.” 


William Henry Meyer, M.D. 


Ten years after Dr. Meyer’s first publication on the 
subject of the half-value layer the International 
Congress of Radiology accepted this as the pre- 
ferred method of quality determination. In addi- 
tion, he pioneered in depth-dose determination and 
time-dose relationship. He patented an x-ray pen- 
etrometer in 1921. He also developed a system of 
standardization for treatment in superficial cancer 
which was published in 1920. 

Dr. Meyer became Professor of Radiology at the 
College of Physicians and Surgeons in the nineteen 
thirties and continued in that capacity until his 
retirement in 1948. He was a Fellow of the Amer- 
ican College of Radiology and a member of the 
Radiological Society of North America. He was 
well known as an able and gifted teacher. He was 
a true physician, dedicated to scientific accuracy, and 
held in high respect for all his contributions and 
his day-to-day conduct of his professional duties 
in both therapy and diagnosis. 

He is survived by his widow, the former Gertrude 
Steohr of New York. 

SAMUEL L. BERANBAUM, M.D. 


Therapy and Nuclear Medicine. 
of RapIoLocy. 


It is with deep regret that we report the death, on August 17, of Dr. Lawrence 
Reynolds, for many years editor of The American Journal of Roentgenology, Radium 
Further notice will appear in a forthcoming issue 
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ROENTGEN DIAGNOSIS 


THE HEAD AND NECK 


Craniosynostosis. Harris W. Knudson and Robert 
A. Flaherty. Am. J. Roentgenol. 84: 454-460, Septem- 
ber 1960. (USAF Hospital, Lackland Air Force Base, 
Texas) 

The roentgenograms of 36 patients with craniosynos- 
tosis, or premature closure of the cranial sutures, 
were reviewed to determine the reliability of the 
known roentgenographic signs of this condition and 
the diagnostic accuracy that can be expected. 

Premature closure of the sutures of the skull may 
result in attenuation of the volume of the cranial 
vault, deformity of the cranium, and, occasionally, de- 
formity of the face. The changes that occur depend 
upon the sutures involved and the time of closure. 
The rapidly growing infant brain normally stimulates 
the enclosing calvarium to enlarge in all directions. 
In craniosynostosis the ability of the skull to enlarge is 
partially restricted, to a greater or lesser extent. Little 
can be gained by operating on fused sutures at an age 
when brain growth has largely ceased. For optimal 
results in preventing mental retardation and severe 
deformity, early recognition and treatment are manda- 
tory. 

In the authors’ group of 36 cases, there were 27 
males and 9 females. A familial history of cranio- 
synostosis was obtained in 3 patients. A high incidence 
of associated anomalies was noted. Two cases of 
syndactylism were encountered. Cephalohematoma 
was present in 4 patients and it may be that this associ- 
ation is related to the inability of the skull to mold 
normally at birth. 

The roentgen appearance of the late changes of 
craniosynostosis—severe deformity, marked increase in 
digital markings, complete obliteration of suture lines 
and piling up of bone along the sutures—is quite 
characteristic. In early craniosynostosis the roentgen 
diagnosis is often difficult and must be based on less 
dramatic deformity of the calvarium and facial bones, 
bony bridging of the suture, narrowing or indistinct su- 
tures and sclerotic margins alongthesutures. Deformity 
of the calvarium is always present to some extent. 
Partial closure of a suture, even a segment a few milli- 
meters long, has the same physiologic effect as com- 
plete fusion. The width of the suture line of and by 
itself is not a reliable sign because of the variation seen 
in normal infants. Bony sclerosis immediately adja- 
cent to a narrowed suture may be suggestive of cranio- 
synostosis but in the authors’ experience proved un- 
reliable. 

The reliable and characteristic signs of craniosynosto- 
sis in the 36 cases are discussed by groups in the several 
clinical types: (1) sagittal suture closure, 22 cases; (2) 
unilateral coronal suture, 2 cases; (3) bilateral coronal 
suture, 1 case; (4) lambdoid suture, 2 cases; (5) metopic 
suture, 2 cases; (6) sagittal and unilateral coronal 
sutures, 2 cases; (7) sagittal and bilateral coronal suture 
closure, with or without involvement of other minor 
sutures, 5 cases. 

The entire length of the suture must be excised re- 
gardless of the actual extent of the fusion. After three 
years of age there is only slight brain growth and any 
increase in head size is due largely to thickening of the 
calvarium and enlargement of the paranasal sinuses. 
Operation after this age offers little chance of improve- 


ment; for the most favorable results SUTgery must be 
performed in the first few months of life. 
Twelve roentgenograms. 
NORMAN L. ARNETt, MD, 
Anaheim, Calif 


Alterations of the Optic Foramen in Crouzoy; 
Disease (Craniofacial Dysostosis). Nicolas Blatt, D 
Zamfir, M. Atanasiu, and H. Slobozianu. J. de radiol 
41: 645-659, November 1960. (In French) (Bucharest 
Rumania) 

In the pathology of the craniofacial ysostosis 
(Crouzon’s disease, hypertelorism), the role of the 
optic foramen and its alterations is very important, 
because defects caused by the cranial malformations 
will determine the flattening and the strangulation of 
the foramen, leading to serious amblyopia or even to 
total blindness. 

The authors present 4 cases of hypertelorism and de- 
duct that atrophy of the optic nerve is closely related 
to alterations and deformations of the optic foramen, 
which follow the cranial malformations caused by the 
disease. 

When the craniofacial dysostosis is associated with 
oxycephaly, the loss of vision can become very serious 
even if the optic foramen is not flattened to the maxi- 
mum, because to the dystrophic obliteration of the 
foramen due to the disease is added an intracranial 
hypertension very often seen in oxycephaly. 

Where the cranial sutures remain open the dystrophic 
process seems to be less intense, with little or no dis- 
turbance to the optic nerve and normal conservation of 
vision. 

Fourteen roentgenograms; 3 photographs; 11 dia- 
grams. RENE Hovrt, M.D. 

New York, N. Y. 


Cranial Lacunae Secondary to Traumatism in Early 
Childhood. J. Legré, D. Denizet, and J. Savelli. J. de 
radiol. 41: 667-678, November 1960. (In French) 
(Marseille, France ) 

Seven cases of cranial lacunae secondary to injury in 
early childhood are presented. In 5 cases the exciting 
cause was a fall; in 2 it was obstetric trauma during 
forceps delivery. All but 1 of the patients was referred 
because of epilepsy. 

The authors describe the radiological characteristics 
and stress the importance of study of the borders of 
these defects. In the internal table, the borders are 
clean and rarely polycyclic, while the external table 
presents in general an important exophytic reaction 
with hyperostosis giving an appearance of eversion 
(cimier de casque). 

Twenty-three roentgenograms; 1 chart. 

René Hourt, M.D. 
New York, N. Y. 


Fluid Levels Within the Paranasal Sinus Field: 
Their Nature, Character, Behaviour and Significance. 


M. Glass. M. Proc. (Johannesburg) 6: 550-564, Nov. 
19, 1960. (Cape Town, Union of South Africa) 

At present the radiological recognition of free fluid 
within the paranasal sinuses is based upon an idealized 
sinus anatomy and the belief that all fluid levels art 
horizontal and remain so whichever way the head 1s 
tilted in the erect position. The author calls attention 
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fact that sinai fields are morphologically unpre- 


ye and pathologically variable, and intrasinal 
yo not a fixed, uniform, immutable entity. 
= ions advanced from time to time 


various suggest 
ae smutiies free fluid in the paranasal sinus 
fields are considered, and their fallacies and inadequa- 
jes pointed out. The author’s studies show that (1) 
we all sinal fluid levels are horizonal, nor is horizon- 
tality always reproducible on tilting; (2) a nontense 
sinus cyst (a nonfree element) can present a horizontal 
r limit which the customary partial tilt test can 


lee: (3) it is not possible to limit the behavior of 
a truly “free” fluid to the reproduction and visible 


demonstration of horizontality within unpredictable 
and variable sinal space. The free fluid may disappear 
behind swollen mucosa, polyp or neoplasm, or into or 
iehind a pathologically involved ‘‘supernumerary”’ 
sinus or compartment, here to disgrace itself still 
further by forming a nonhorizontal fluid level. Since 
free fluids collect, pool, and form liquid levels in air 
cells of differing development, numbers, arrangement, 
relationship, intercommunication, and pathology, fluid 
levels in the sinuses can vary not only in character, 
put also in extent, number, position, arrangement, and 
relationship. Anatomy, pathology, and physical laws 
determine the patterns and significance of the behavior 
of free fluid within the sinal fields. All sinal fluid 
levels are concave, with the degree of concavity an in- 
verse function of the degree of separation between the 
limiting surfaces of the zones of pooling and collection 
with an unpredictable and variable sinal field. On the 
roentgenogram, a wave-like pattern betokens subdivided 
space, as within a multicelled frontal sinus. If no 
communication exists, there may be numerous small 
fluid levels of different heights. 

The author concludes that presently held diagnostic 
concepts are unequal to their interpretive responsibili- 
ties and should be discarded. 

Thirty-eight roentgenograms, with accompanying 
drawings. ANDREW K. PozNaAnskI, M.D. 

The Henry Ford Hospital 


Encephalographic Changes in the Axial Pressure 
Cone Syndrome. Bengt Liliequist. Acta radiol. 54: 
369-378, November 1960. (Serafimerlasarettet, Stock- 
holm, Sweden ) 

In 14 patients examined with lumbar encephalog- 
raphy at Serafimerlasarettet (Stockholm), air did not 
pass up through the aqueduct, although the fourth 
ventricle was air-filled. Subsequently, in all cases, a 
supratentorial expansive process was demonstrated by 
tither ventriculography or carotid angiography. The 
presence of a tumor was verified in all cases, either at 
operation or postmortem. In 10 cases the expansive 
process was situated in the frontal lobe: in 2 cases the 
tumor lay in the temporal lobe and middle fossa, re- 
spectiv ely, and in 1 case in the parietal lobe; in another 
it had a parasagittal frontoparietal location. In 
addition, 70 cases of frontal tumor examined by lumbar 
encephalography were re-examined with special ref- 
rence to the shape of the brain stem, the relationship 
between the aqueduct and the fourth ventricle, and the 
deformation of the third ventricle. 

In all the 14 cases in which the air did not pass up 
through the aqueduct, the brain stem had been com- 
pressed from side to side and had acquired a more or 
less distinct pear-shape. This may lead to partial or 
complete obstruction of the aqueduct. Such changes 
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are seen most frequently with frontal expansive proc- 
esses but may also occur with temporal and parietal 
tumors. Similar though not so marked changes are 
often observed in the incisura tentorii in the presence of 
frontal tumors, without however, leading to a complete 
obstruction of the aqueduct. 

An obstruction of the aqueduct caused by herniation 
due to a supratentorial expansive process may be dif- 
ferentiated from stenosis of the aqueduct by the fact 
that it has a different site. Also, the cisterns around 
the brain stem are as a rule widened in stenosis of the 
aqueduct, even if a downward displacement of cere- 
bral parts through the incisura tentorii is noted. When, 
on the other hand, the kink in the aqueduct is due to an 
expansive process in the posterior fossa, the pontine 
cistern and the pontocerebellar cisterns are always 
changed, and the tonsils are herniated through the 
foramen magnum. This is not the case when the 
change in the aqueduct is produced by a supratentorial 
expansive process. A herniation into the incisura 
tentorii of the type described leads to an incomplete or 
complete obstruction of the aqueduct and the posterior 
part of the third ventricle by compression and deforma- 
tion of the surrounding cerebral regions. The anterior 
portion of the third ventricle will consequently become 
widened and its recesses will bulge into the interpe- 
duncular cistern. 

Six roentgenograms. O. Sark, M.D. 

Baltimore, Md. 


Changes in Intracranial Pressure During Carotid 
Angiography. An Experimental Investigation in Cats. 
Erik Kagstr6m and Percy Lindgren. Acta radiol. 54: 
379-392, November 1960. (Karolinska Institutet, 
Stockholm, Sweden ) 

The intracranial pressure was recorded in cats follow- 
ing an injection of sodium acetrizoate and sodium dia- 
trizoate into the common carotid artery. A temporary 
elevation of the intracranial pressure, probably due to 
cerebral vasodilatation, followed the injection of sodium 
acetrizoate; corresponding amounts of sodium diatri- 
zoate produced little or no change. 

In the authors’ view the results of this investigation 
demonstrate, at all events, the advantages of avoiding 
the use of contrast media with a high vascular activity 
for cerebral angiography in human beings. 

Seven illustrations. THEODORE E. Keats, M.D. 

University of Missouri 


Cerebral Angiography in Patients Over Fifty. Al- 
fred H. Dobrak, Arthur L. Beck, Jr., Thomas J. Mur- 
phy, and John G. Zoll. Arch. Neurol. 3: 582-588, 
November 1960. (1275 Delaware Ave., Buffalo 9, N. Y.) 

The authors discuss the contribution of cerebral 
angiography in the diagnostic work-up of 38 patients, 
over the age of fifty, who were believed to be suffering 
from a cerebrovascular catastrophe. Routinely, the 
angiographic examination consisted of 12 or more roent- 
genograms; 3-phase filling of the common carotid and 
one vertebral artery was demonstrated in lateral views 
and arterial filling in occipital projections. Other 
views in various phases of filling were taken as indi- 
cated. Since 1957, the contrast medium employed has 
been 50 per cent sodium diatrizoate (Hypaque); the 
average amount used was about 35 c.c., with individual 
injections of 5to8¢.c. No anaphylactic reactions were 
encountered. Cardiac arrest occurred during the ini- 
tial phase of the procedure in 1 patient, who recovered 
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following thoracotomy with restoration of normal 
cardiac rhythm. 

Of the 38 cerebral angiographic examinations, 15 
showed a definite abnormality and 3 a questionable 
abnormality. There were 16 deaths. No one likes to 
conclude that the diagnostic procedure influences the 
mortality rate in a highly fatal condition such as cere- 
brovascular disease. That it is a contributing factor, 
however, must be entertained. Four of the deaths in 
the present series were believed to be due in part to 
the study, but it is thought that the other 12 deaths 
were not influenced by angiography. 

Eight cases are reported. 

Seven roentgenograms; 3 tables. 

Gorpon L. BarTEK, M.D. 
Grand Rapids, Mich. 


Arteriography and Vasospasm. The Effects of 
Intracarotid Contrast Media on Vasospasm. Richard 
B. Raynor and Gerald Ross. J. Neurosurg. 17: 1055- 
1061, November 1960. (Neurological Institute of 
Columbia-Presbyterian Medical Center, New York, 
N. Y.) 

When patients have a pre-existing cerebral vascular 
disease or a neurological deficit, there appears to be an 
increased incidence of complications from cerebral 
angiography (Pendergrass et al.: Am. J. Roentgenol. 
48: 741, 1942. Abst. in Radiology 41: 98, 1943). 
One explanation for this is that most contrast media are 
allergens and can produce reactions of hypersensitivity ; 
another is that the contrast medium itself may be 
cytotoxic. A more likely cause of complications in 
cerebral angiography may be vasospasm. 

The authors carried out experiments in cats to 
determine the influence of diatrizoate sodium (Hy- 
paque) on the spasticity of a previously irritated cerebral 
vasculature. The internal carotid artery distal to the 
cavernous sinus and the middle cerebral artery and its 
branches were exposed; the artery was then stroked 
with a blunt nerve hook twenty times for a distance of 
about 1 cm. Serial photographs were then taken. 
The vessels examined contracted 25 to 33 per cent in 
diameter; the average duration of spasm was four 
minutes. Eighteen to twenty-five minutes later the 
artery was restroked; immediately thereafter 3 c.c. of 
Hypaque was injected in 8cats. The average duration 
of the spasm was prolonged to seven minutes, but the 
degree of contraction did not differ from that seen on 
the initial stroking. Another eighteen to twenty-five 
ininutes were allowed to elapse, and the artery was then 
subjected to a third period of stroking. This resulted 
in the same degree of spasm, but lasting on the average 
only two and three-fourths minutes. 

In 3 cats the above procedure was performed but 
isotonic saline was used for the injection instead of 
Hypaque; in all 3 the duration of the spasm following 
the stroking and injection of saline was less than that 
following the initial stroking. 

In 3 other animals the vessel was stroked and allowed 
to return to its original size. Hypaque was then in- 
jected without any additional stroking, and in no in- 
stance was spasm produced. 

The experimental evidence seems to indicate that the 
intracarotid injection of Hypaque into an already 
irritable vessel will double the duration of the spasm. 
When the medium is injected into a normal vessel, no 
spasm is produced. It seems reasonable to assume 
that the cerebral vessels may be more irritable in the 
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region of subarachnoid hemorrhage, ruptured 


aneurys 
or tumor. The injection of contrast medj = 


um during 


angiography may cause enough additional interferene, 
to an already compromised circulation to result Fr 
clinical symptoms. 
Three illustrations; 3 tables. 
SAMUEL B. Haveson, MD 
Lynwood, Calif, 


Roentgen-Ray Duplicating Head Rest for Pallidec. 
tomy. Francis A. Carmichael and Robert W. fy. 
syth. J. Neurosurg. 17: 1116-1118, November 19) 
(411 Nichols Road, Kansas City 12, Mo.) 

Certain intracranial procedures, most notably pall 
dectomy, have often proved haphazard because of the 
inability of the operator to be assured of successivel 
identically oriented roentgenograms. The errors which 
contribute the most to this anatomical confusion are: 
(1) variation in the position of the head between ey. 
posures; (2) alteration in the position of the cassette jp 
relation to the head; (3) variability in the position of 
the x-ray tube in relation to the head. 

The authors describe a head rest which was designed 
in the hope of reducing these errors. The apparatus is 
relatively small and light in weight, being made of alu 
minum. It is designed to fit presently available equip- 
ment, namely, the American Sterilizer Series 4 108) 
operating tables. The principle of the head rest is t 
secure in a never varying relationship (1) the cassette, 
(2) the patient’s head, and (3) the x-ray beam. Thisis 
accomplished by having the head rest and cassette 
holders fabricated in one rigid frame. The head is 
secured by either 3- or 4-point bony fixation. The drill 
points may be pre-set to any depth of penetration from 
Oto 1/4inch. Exact duplication of the position of the 
tube and its incident beam of x-rays is assured by the 
use of optical range finding. 

Four roentgenograms. 

SAMUEL B. Haveson, M.D. 
Lynwood, Calif. 


THE CHEST 


The Vertical Fissure Line. Lawrence A. Davis 
Am. J. Roentgenol. 84: 451-453, September 196i) 
(226 E. Chestnut St., Louisville 2, Ky.) 

In general, the major interlobar fissures are visualized 
roentgenographically only in the lateral projection, 
while the minor fissure is seen in both lateral and frontal 
views. That the major fissures are not always precisely 
in the coronal plane has been demonstrated by the fact 
that slight rotation occasionally brings out a fissure not 
visible in the true lateral projection. 

In infants and children, a vertical fissure line has been 
noted paralleling the right thoracic wall and ending m 
the vicinity of the minor fissure. These fissures have 
been seen in patients with normal hearts but, more 
frequently, in those with enlarged hearts. In the 
author’s series of 29 patients with a demonstrable vert 
cal fissure line, 19 had evidence of cardiomegaly. Fluid 
may accumulate in this fissural space, as in any other 
pleural space, and pneumonic infiltrates can be limited 
by this septum. 

This vertical fissure line is, according to the author's 
studies, the lateral portion of the major fissure which 
has been directed in an anterior position so that this 
portion is in a sagittal plane and thus is visualized on 
the frontal roentgenogram. The mechanism woul 
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ned in those patients with enlarged 


vem to be explai 
ees? ation of the fissure as the medias- 


hearts by the rot 


inum enlarges. ¢ 
: The major fissure actually consists of two segments 


divided by the insertion of the minor fissure. With 
vardiac enlargement the lower lobe appears to pivot on 
it hilar attachments in relation to the fixed middle and 
upper lobes. Thus, the upper portion of the vertical 
assure line ends in the minor fissure. The portion of 
the upper lobe lateral to the vertical fissure is thin. An 
apparent lack of vascular markings has caused a mis- 
diagnosis of localized pneumothorax. In 1 patient, 
because of this mistake, pleural aspiration was at- 
tempted; a large tension pneumothorax developed 
subsequently, which required an open thoracostomy 
tube for decompression. 
Six roentgenograms; 1 diagram. 
NorRMAN L. ARNeETT, M.D. 
Anaheim, Calif. 
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Combined Fluoroscopy and Endoscopy of the Lower 
Respiratory Passages and the Oesophagus. H. L. 
Wullstein. German M. Monthly 5: 338-339, October 
1960. (Universitats-Hals-Nasen-Ohrenklinik, Wiirz- 
burg, Germany ) 

The author has designed a table which, in conjunction 
with an image-amplifier system, has been employed for 
combined fluoroscopy and endoscopy. The table is 
supported by a single lateral column and can be raised 
or lowered electrically. The head can be lowered to 
15° from the horizontal. Lateral rotation around the 
longitudinal axis of the body is achieved manually. 
Fluoroscopy can be carried out in any desired position. 
The position of the television screen and intensifier can 
be easily adjusted to the position of the patient and is 
quite independent of the endoscopy table. During use 
of the television monitor, total darkness is unnecessary 
and not even desirable; the degree of room darkening 
and adaptation required for endoscopy is also appropri- 
ate for observation of the monitor. This equipment has 
been found to be particularly useful in direct endoscopic 
examinations and in contrast filling of selective lung 
segments. 

One roentgenogram; 


2 photographs. 
Joun P. Fotopoutos, M.D. 
Northwestern University Medical School 


Significance of Small Pleural Effusions in Cardio- 
pulmonary Disease, and Some Other Observations on 
Pleural Fluid in General. Leonard Cardon. Ann. 
Int. Med. 53: 765-795, October 1960. (185 N. Wabash 
Ave., Chicago 1, Ill. ) 

A massive pleural effusion of the common idiopathic 
type may be well tolerated by a young adult with a 
normal heart and a normal contralateral lung. A rel- 
atively small pleural effusion, however, may precipitate 
a critical degree of dyspnea and air hunger, and even 
cause death, in the presence of antecedent cardiac and 
pulmonary disease which already seriously interferes 
with pulmonary function and causes difficulty in 
breathing. As little as 500 ml. may be of significance 
in this regard. This situation occurs most commonly in 
middle-aged or elderly persons with coexistent conges- 
tive heart failure and pulmonary emphysema or fibrosis. 

Diagnosis of a small effusion in the presence of heart 
failure and emphysema may be difficult. The amount 
of fuid corresponding to a given vertical height of per- 
cussion dullness in the patient with an emphysematous 
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chest is frequently underestimated. Impairment of 
resonance due to fluid may be masked or its extent 
diminished by the hyperresonance of the associated 
emphysema. The same volume of fluid will rise to a 
much higher vertical level in the normal flat, narrow 
chest than in the broad barrel chest of the patient with 
chronic pulmonary emphysema, in which the fluid 
spreads out and lies in a much thinner layer over the 
larger basal (diaphragmatic) area of the pleural cavity. 
Because of the flattening and depression of the dia- 
phragm in the emphysematous chest, the base on which 
the fluid rests is lower than in the normal chest, and the 
upper extent of dullness is therefore lower. Bronchial 
breath sounds, rather than diminished or absent breath 
sounds, may be heard over a small collection of fluid 
and be misinterpreted as consolidation of the lung. 
Under these conditions, the diagnosis is based mainly on 
a high index of suspicion that any degree and extent of 
impairment of resonance, particularly over the depend- 
ent portions of the chest posteriorly, may be due to 
pleural fluid, and the free use of exploratory puncture, 
properly performed, to test this suspicion. 

Unfortunately, the chest roentgenogram cannot be 
relied upon as the final arbiter. The patient may be 
too dyspneic and restless to cooperate, or oxygen cannot 
be discontinued for the time required to take the films. 
Roentgenograms taken with a portable machine may 
be unsatisfactory. Amounts of fluid as small as those 
under consideration may not be recognizable. The 
fluid may lie in bizarre pockets along the course of the 
fissures. Or it may be hidden behind the heart or 
posteriorly below the bulge of the diaphragm. 

Patients with refractory heart failure and digitalis 
intoxication due to overmedication often have unrec- 
ognized pleural effusions. The patient with acute 
pulmonary edema who does not respond to treatment 
should be carefully examined for evidence of hydro- 
thorax; mechanical removal of pleural fluid, when pres- 
ent, may be the only means of permanently relieving 
the edema. Early thoracentesis is indicated when any 
degree of hydrothorax in cardiac failure is associated 
with a significant degree of dyspnea. 

Twenty-seven illustrative cases are reported. 

Nine roentgenograms; 3 diagrams. 

F. CHRISTENSON, M.D. 
Fontana, Calif. 


Mixed Tumors of the Lung, or Hamarto-chondromas. 
A Review of the Radiological Appearances of Cases 
Published in the Literature and a Report of Fifteen New 


Cases. Eric M. Bateson and E. Kathleen Abbott. 
Clin. Radiol. (J. Fac. Radiologists) 11: 232-247, 
October 1960. (The General Hospital, Nottingham, 
England) 


The authors review the literature on the compara- 
tively rare tumor, the hamartochondroma, as found in 
the lungs, and record 15 new cases. After analyzing 
the radiological appearance of over 200 of these tumors 
(226 intrapulmonary; 27 endobronchial), the following 
conclusions are reached: 

1. It is impossible to diagnose or even suspect the 
presence of an endobronchial hamartochondroma on the 
basis of radiological investigations. 

2. Large intrapulmonary masses with a lobulated 
outline and containing irregular areas of calcification 
will almost certainly prove to be hamartochondromas. 

3. Small intrapulmonary lesions exhibiting a well 
defined, lobulated outline, with no calcification and no 
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satellite shadows, have a strong possibility of being 
hamartochondromas, and a large proportion of these 
tumors present this appearance. 

4. Small shadows containing calcification are more 
likely to represent tuberculomas than hamartochondro- 
mas, but the latter diagnosis should be considered, 
particularly if the other features of tuberculous lesions 
are absent. 

5. Small round or oval lesions without lobulation or 
large masses which may or may not be lobulated may be 
hamartochondromas, but if calcification is absent this 
is an unlikely diagnosis and should only be considered 
as a remote possibility. 

The range and methods of radiologic diagnosis are 
given and the value of tomography is stressed. 

Eighteen roentgenograms; 1 photograph; 1 photo- 
micrograph; 7 tables. THEoporE E. Keats, M.D. 
University of Missouri 


Mediastinal Tumors During Childhood. J. Lackner. 
Fortschr. a. d. Geb. d. Réntgenstrahlen 93: 429-444, 
October 1960. (In German) (Stadtische Krankenan- 
stalten Bremen, Germany ) 

Eighteen cases of mediastinal masses in children are 
evaluated with reference to diagnosis. Fourteen were 
surgically verified: 7 neurogenic tumors including 4 
sympathicoblastomas, 1 malignant gangliocytoma and 
2 ganglioneuromas; 2 enterogenous cysts; 1 paratra- 
cheal cyst; 2 thymic tumors—a carcinoma and a cystic 
teratoma; 1 teratoma; 1 case which proved to be 
chronic pneumonia with abscess formation. The 4 re- 
maining cases were diagnosed clinically as 1 of lympho- 
sarcoma, 2 of leukemia, and 1 of an atypical consolida- 
tion which cleared up after an attack of measles. 

In the diagnosis of mediastinal tumors, roentgen 
studies play a predominant role. A survey includes 
fluoroscopy, routine and lateral views of the chest, 
barium filling of the esophagus, and tomography in 
two planes. Tumors of the thyroid and thymic gland, 
teratoma, and pericardial cysts are usually located in 
the upper anterior and middle mediastinum. Cystic 
lesions are found in the middle mediastinum, and neuro- 
genic tumors in the posterior mediastinum. 

Roentgenologic studies are most helpful in differen- 
tiation between benign and malignant lesions. Radio- 
therapeutic tests have been replaced in recent years by 
surgical exploration. The latter has become less 
hazardous with improved technics and permits es- 

tablishment of the correct diagnosis. 

Fourteen cases are illustrated and briefly commented 
upon, 

Twenty-two roentgenograms; 1 drawing. 

ERNEST Krart, M.D. 
Northport, N. Y. 


THE HEART AND BLOOD VESSELS 


Roentgenologic Findings in Pertussis, with Particular 
Emphasis on the ‘‘Shaggy Heart’’ Sign. Howard J. 
Barnuhard and W. T. Kniker. Am. J. Roentgenol. 84: 
445-450, September 1960. (University of Arkansas 
Medical Center, Little Rock, Ark.) 

Recently the authors have been struck by the fre- 
quency with which a rather distinctive roentgenologic 
chest pattern has been seen in cases of pertussis. This 
pattern basically consists of dense markings which fan 
out around the heart border and so obscure it that this 
has been called the ‘‘shaggy heart’’ sign. The records 
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and roentgenograms of all children with pertussis 
admitted to the University of Arkansas Medical jn 
Hospital between July 1955 and June 1959 were te 
viewed in an attempt to determine if the roentgen 
findings will permit a diagnosis of pertussis with some 
degree of accuracy. 

Of the 32 cases of pertussis found, 13 displayed the 
“shaggy heart” sign. The shagginess may end abru 
just beyond the heart or it may blend partially with den. 
sities occupying more peripheral areas. The mildest 
form, or perhaps actually a regressing phase, usually 
obscures only a part of the cardiac silhouette. The 
“shaggy heart’’ pattern characteristically begins in the 
paroxysmal stage and tends to extend into the resolution 
period. In 1 patient, however, it was present for ten 
weeks beyond the paroxysmal phase: frequently it is 
demonstrable during only part of the paroxysmal 
period. No correlation could be found between the 
presence of the “shaggy heart”’ sign and sex, season, or 
area of the state. There seemed to be a tendency for 
the ‘“‘shaggy heart’’ to be associated with the more 
severe and prolonged illness. 

The exact pathophysiologic basis for the “shaggy 
heart”’ sign is unknown. One of the possibilities men- 
tioned is the plugging of the bronchi by viscid mucus. 

The authors conclude that while the “shaggy heart” 
sign is not pathognomonic of pertussis, it should 
strongly suggest the diagnosis. Other entities to be 
considered in the differential diagnosis are the aspira- 
tion pneumonias, particularly those associated with 
hydrocarbons, interstitial or bronchopneumonia, and 
cystic fibrosis of the pancreas. 

Four roentgenograms; 2 charts. 
NORMAN L. ARNETT, M.D. 
Anaheim, Calif. 
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Septal Defect between the Left Ventricle and the 
Right Atrium Diagnosed by Cardioangiography. Bjorn 
Nordenstr6m and Carl-Olof Ovenfors. Acta radiol. 54: 
393-396, November 1960. (Karolinska Sjukhuset, 
Stockholm, Sweden ) 

The authors report what is believed to be the first 
case of septal defect between the left ventricle and the 
right atrium to be diagnosed preoperatively. The 
defect is situated within the small area where the left 
ventricle and right atrium have a common wall, that 
is, just cranial to the septal leaflet of the tricuspid valve 
in the floor of the right atrium. 

The patient was a 22-year-old woman with a heart 
murmur but no cardiac symptoms since childhood. 
The right atrium was chiefly enlarged, but the right 
ventricle and left atrium were also affected. The cen- 
tral and peripheral branches of the pulmonary artery 
were considerably dilated while the aorta was of about 
normal width, with perhaps some narrowing of the arch. 
With the exception of the right atrial dilatation, the 
evidence suggested a ventricular septal defect. On 
heart catheterization normal pressures were found in 
the right atrium, ventricle, and pulmonary artery. 
Blood gas analyses showed that arterial blood admixture 
occurred in the right atrium. Cardioangiography we 
performed with the injection of contrast medium into 
the left ventricle after transthoracic ventricular pune- 

ture. This revealed a high ventricular defect, measur- 
ing about 10 mm., in a craniocaudal direction. The 
contrast medium passed through the defect directly to 
the considerably enlarged right atrium before the right 
ventricle was filled. The findings were confirmed at 


vol 
ope 

sep’ 

( 

Art 

Th 

Hu 

Sit 

Sel 

dor 

hy 

pr 

lov 

no 

stl 

si¢ 

2 

ch 

an 

si 

: st 

at 

ef 

p 

fe 
t! 
t 
a 


tember 196} 


PeTtussis 
-al Center 
Were fe. 

Toentgen 
vith some 


layed the 
abruptly 
with den. 
> mildest 
» Usually 
te. The 
ns in the 
solution 
t for ten 
itly it is 
‘Oxysmal 
een the 
‘ason, or 
ency for 
more 


‘shaggy 
men- 
jucus. 

heart” 
should 
5 to be 
aspira- 
d with 
ja, and 


M.D. 
calif. 


nd the 

Bjorn 
ol. 54: 
‘huset, 


e first 
id the 

The 
left 
, that 
valve 


heart 
hood. 
right 
 cen- 
rtery 
ibout 
arch. 
, the 
On 
id in 
tery. 
‘ture 
was 
into 
unc- 
sur- 
The 


y to 
ight 
1 at 


Vol. 77 


ation; there was also, however, a small defect in the 
pr leaflet of the tricuspid valve. 


r roentgen« grams. 
THeoporeE E. Keats, M.D. 


University of Missouri 


of the Abdominal Aorta and Renal 


ion 
Pg en Corrected by Surgical Treatment: 
The Importance of Individual Renal Function Tests in 


Selection of Proper Management. James M. Stokes, 
Hulda Wohltmann, and Eric Carlson. Ann. Surg 152: 
936-860, November 1960. (Washington University 
School of Medicine, St. Louis, Mo. ) 

The authors report a case of coarctation of the ab- 
dominal aorta in a twelve-year-old girl with malignant 
hypertension. Initial examination revealed a_ blood 
pressure of 220/160 mm. Hg in both the upper and 
lower extremities. Intravenous pyelography showed a 
normal renal excretory system, and retroperitoneal air 
studies failed to demonstrate a tumor. The hyperten- 
sion was very difficult to control with drugs. The pre- 
operative presumptive diagnosis entertained was pheo- 
chromocytoma by virtue of the response to Regitine 
and the lack of evidence for other causes of hyperten- 
sion. At operation, the adrenals were found to be 
normal and contained no tumors. 

Retrograde aortography through the femoral artery 
was then performed. The roentgenograms were inter- 
preted as showing a coarctation of the abdominal aorta 
below the superior mesenteric artery and an ostial 
stenosis with a post-stenotic dilatation of the left renal 
artery. A second operation disclosed that below the 
enlarged superior mesenteric artery the aorta became 
cone shaped. The renal arteries arose from a narrowed 
portion, and the aorta was a solid cord-like structure 
without pulsation distal to the renal arteries. The 
pulse in the left renal artery was small and a thrill was 
felt at its origin from the aorta. One iliac limb and 
the aortic segment of a lyophilized aortic bifurcation 
homograft were used to establish a shunt from the 
thoracic aorta to the abdominal aorta distal to the coarc- 
tation. The other iliac limb of the bifurcation homo- 
graft was anastomosed end-to-side to the feft renal 
artery distal to the stenosis. 

Postoperatively, the pulses in the lower extremity 
were much stronger and the blood pressure in the lower 
extremities was 30 to 40 mm. Hg higher than it was 
preoperatively. The child was discharged from the 
hospital on antihypertensive drug therapy. Intrave- 
nous urography on two occasions during the next four 
months showed the left nephrogram to be consistently 
less radiopaque than the right. This was erroneously 
thought to represent relatively poor excretory function 
by the left kidney. More definitive renal function tests 
were then performed and these disclosed that the right 
kidney, not the left, functioned poorly. On this basis, a 
knitted Dacron graft was placed between the abdominal 
aorta below the coarctation and the right renal artery, 
which was extremely small. The blood pressure fell 
temporarily but then suddenly rose to 210/200. It 
was concluded that the graft was not functioning and a 
right nephrectomy was performed. The patient had 
been normotensive for nineteen months at the time of 
Writing. 

This case report demonstrates two important points: 
1) Aortography is essential in determining the location 
of the stenosis in its relation to other major vessels in 
order that optimum bypass or replacement grafts may 
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be instituted. (2) Selective renal function studies are 
mandatory since intravenous pyelography cannot be 
relied upon to provide the information necessary to 
establish the cause of the hypertension. Neither the 
filtration rate nor the rate of blood flow is ascertainable 
from the nephrogram or pyelogram. In short, renal 
function cannot be determined by pyelography even 
though the osmolality of the urine from each kidney is 
known. An ischemic kidney may excrete a urine of 
higher osmolality than its normal partner and, conse- 
quently, may be more radiopaque. 
Twor oentgenograms; 2 diagrams; 1 pressure tracing; 
2 tables. Joun P. Fotopoutos, M.D. 
Northwestern University Medical School 


Extravasation of Contrast Medium as Roentgen Cri- 
terion of Cardiac Necrosis in Dogs Following Intra- 
coronary Injection of Urokon. M. J. Oppenheimer, C. 
Harakal, R. Sherwin, L. Howden, W. Winters, and H. 
M. Stauffer. Am. J. Roentgenol. 84: 929-936, Novem- 
ber 1960. (Temple University School of Medicine, 
Philadelphia 40, Penna. ) 

Reports of ventricular fibrillation following experi- 
mental coronary arteriography led the authors to 
attempt to establish roentgen criteria of cardiac damage 
by contrast media, if in fact any did exist. Since it 
has been suggested that damaged hearts release potas- 
sium and that this release may be related to infarction, 
it was decided also to study the role of this ion. 

Various radiopaque media and other substances were 
injected into the coronary arteries of anesthetized dogs, 
using a nonoccluding catheter introduced via the carotid 
artery. Cinefluorographic, electrocardiographic, and 
pulse pressure recordings were made simultaneously. 
Postmortem examinations were performed on all ani- 
mals. In most instances, the hearts were prepared 
according to Schlesinger’s method (Am. Heart J. 15: 
528, 1938), which keeps the right and left coronary cir- 
cuits separate. The term “‘infarctoid cardiopathy”’ 
was used to indicate tissue damage without vascular 
occlusion; it was considered to be present if the opaque 
medium was still visible in the field of the injected artery 
after five minutes. 

Urokon 70 per cent in doses of 0.1 c.c. per kg. con- 
sistently produced a persisting roentgenologically dem- 
onstrable infarctoid cardiopathy. This was confined 
to the distribution of the coronary artery injected with 
the opaque medium. The infarctoid cardiopathy 
usually appeared with the third or fourth injection and 
increased a little in extent and intensity as the injec- 
tions were repeated. The roentgen observations when 
Urokon and potassium chloride were combined were not 
different from those when Urokon alone was employed. 
If a series of potassium injections was completed, a 
single injection of Urokon often revealed well developed 
infarctoid cardiopathy, which was much more extensive 
than any ever observed from a single first dose of Uro- 
kon alone. Electrocardiograms obtained after the 
injection of Urokon showed a change in the direction of 
the electrical axis of the heart without, or with minimal, 
associated injury currents. 

Renografin produced little or no permanent change in 
the electrocardiogram or in the normal histology of the 
myocardium. Hypaque and Vasurix were intermedi- 
ate in their effects between Renografin and Urokon 
when electrocardiographic changes were the criteria. 
Control animals injected repeatedly with Ringer’s 
solution did not exhibit any gross or histologic damage. 
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The two possible explanations for the action of Uro- 
kon are either a brief bout of anoxia while the coronary 
vessels are filled with a bolus of the medium or an in- 
creased permeability of vessels and cell membranes 
caused by the radiopaque material, augmented by the 
vasodilatory action of the contrast substance. The 
authors favor the latter explanation. 

Four figures, including 1 roentgenogram. 

M. M.D. 
Montclair, N. J. 


Coronary Angiography. George Michell. M. J. 
Australia 2: 608-611, Oct. 15, 1960. (St. George’s 
Hospital, London, England) 

With the recent advances in treatment of coronary 
artery disease, technics for visualization of the coronary 
arteries have become of more than academic interest. 
It is desirable to perform coronary angiography (1) in 
patients who are considered to be suitable candidates 
for coronary artery surgery; (2) for the objective assess- 
ment of surgical and medical treatment, that is, for the 
evaluation of patients who have had coronary artery 
surgery and for determining the effect of long-term anti- 
coagulation or unsaturated fat diets; and (3) for the 
diagnosis of “‘difficult’”’ or ‘‘obscure’’ chest pain. The 
exclusion of ischemic heart disease may save a patient 
many years of anxiety or risky treatment with antico- 
agulants, while demonstration of a localized lesion may 
lead to possible surgical relief. 

The methods of coronary angiography are briefly 
reviewed. There are three main technics for insuring 
delivery of the contrast medium close to the coronary 
ostia: (1) occlusive aortography, (2) cardiac arrest, 
and(3) timing of the injection. Occlusive aortography is 
technically difficult. Acetylcholine arrest is considered 
potentially dangerous. The author’s procedure con- 
sists in timing of the injection of the medium in rela- 
tion to the cardiac cycle. Maximal coronary flow occurs 
during ventricular diastole; during systole, flow may 
actually be reversed. An electronic timing device has 
been developed which is triggered by the R wave of the 
electrocardiogram. This timer permits a single x-ray 
exposure to be made automatically at any desired time 
or it will initiate a serial changer. (The device is de- 
scribed in detail in Clinical Radiology 11: 214, 1960. 
See following abstract.) 

Experiments in dogs showed that injection of the 
medium during systole resulted in poor coronary filling, 
whereas diastolic injection led to consistently good 
opacification. The proximal part of the coronary tree 
was filled at the end of the diastolic period in which 
the injection was given; distal filling, with poor proximal 
opacification, did not occur until the end of the following 
diastole. It was then decided to test the effect of 
multiple diastolic injections. A new electronic timer 
was devised for this purpose, which allows the total dose 
of contrast medium to be divided into two or more 
equal parts and injected over two or more successive 
diastoles. With this timer it was found that multiple 
injections resulted in complete coronary opacification on 
one roentgenogram. Treble injections resulted in bet- 
ter filling of the small distal branches. Multiple in- 
jections are advantageous because it is possible to obtain 
an x-ray picture of the whole coronary tree on a single 
film, eliminating expensive and complicated radio- 
graphic apparatus and reducing the irradiation. In 
man, it is difficult to inject 60 to 80 ml. of medium over 
one diastolic period without placing a tremendous strain 
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on the angiographic equipment and catheters: with 
double or treble injection it is possible to inject thet ; 
dose quite comfortably. nal 
The above procedure has never failed to produc 
coronary opacification in experimental animals os 
there have been no instances of electrocardiographi 
changes following angiography and no deaths attribut 
able to the injection of the medium. Multiple diastolic 
injections have been employed in 3 patients, using g 
serial changer; the angiograms were all good and there 
were no immediate or remote complications, 
Four roentgenograms; 4 electrocardiographic trac. 
ings. Capt. Howarp R. Goutp, MC. 
Loring AFB, Maine 


Timing of Injections for Angiocardiography: De- 
scription of an Automatic Device. J. G. Davies and 
George Michell. Clin. Radiol. (J. Fac. Radiologists) 
11: 214-218, October 1960. (St. George’s Hospital, 
London, England) 

The authors describe in detail their apparatus for 
automatic timing of injections for angiocardiography, 
with the circuit diagram. The device is triggered by 
the R wave of the electrocardiogram. Its application 
in coronary angiography, aortic valve visualization, 
and left ventriculography is discussed. [See also pre- 
ceding abstract.| 

Six roentgenograms; 3 electrocardiograms; 1 pres- 
sure tracing. THEODORE E. Keats, M.D. 

University of Missouri 


Clinical Application of Coronary Angiography. 
Graeme Sloman and W. S. C. Hare. M. J. Australia 
2: 611-614, Oct. 15, 1960. (The Royal Melbourne 
Hospital, Melbourne, Australia) 

Coronary angiography enables one to determine the 
location or extent of coronary artery disease, which is 
difficult to evaluate electrocardiographically when there 
is no infarction. Accurate demonstration of the coro- 
nary arteries also assists in management of patients with 
obscure anterior chest pain and in the study of the 
effects of various drugs on the anatomy of the coronary 
circulation. The authors describe a method of coro- 
nary angiography which utilizes a single timed injection 
triggered by the R wave of the electrocardiogram. 

Thoracic aortography was carried out on 20 patients, 
with an average age of forty-four years. The ascend- 
ing aorta was catheterized via the right brachial artery 
in 14 patients; in the other 6, Seldinger’s percutaneous 
technic was used to catheterize the ascending aorta via a 
femoral artery. An image intensifier was employed for 
positioning the catheter. The contrast medium was 76 
per cent Urografin, 0.75 ml. per kg. body weight, witha 
maximum of 50 ml. being given to opacify the ascend- 
ing aorta. The injection was made in approximately 
one second, with a simple compressed-air mechanical 
injector. An Elema-Schénander single-plane roll-film 
camera was utilized. Although transient ST-T wave 
depression was noted on a number of occasions, no 
patient complained of anterior chest pain associated 
with the injection of contrast medium. 

Technically satisfactory angiograms were obtained 
in 12 of the 20 patients. Unsatisfactory angiograms 
were due, for the most part, to the placing of the 
catheter tip at too high a level. Fourteen patients had 
aortic valve disease, 2 had combined mitral and aortic 
stenosis, and the remaining 4 had a variety of condi- 
tions. In 11 of the patients, the angiographic findings 
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ore verified at operation or at postmortem study. 
“< serious complications were encountered. On one 
iit the right coronary artery was inadvertently 
catheterized, with the patient immediately complaining 
ofanterior chest and neck pain, together with shortness 
of breath. The electrocardiogram showed ST-T 
h a change in the pressure recording. 
Symptoms were relieved immediately upon withdrawal 
of the catheter. No patient suffered from any limb 
ischemia following arterial catheterization; however, a 
eveloped in 1 case at the site of the puncture 


elevation wit 


hematoma d 
of the right femoral artery. 
Two roentgenograms; a schematic diagram; 1 
lectrocardiogram. Capt. Howarp R. Goutp, M.C. 
Loring AFB, Maine 


Angiography in Leprosy. S. P. Basu, S. Ghosh, N. 
Mukerjee, and K. P. Roy. Indian J. Radiol. 14: 180— 
190, November 1960. (School of Tropical Medicine, 
Calcutta, India ) 

Whether the blood vessels play an important part in 
the neural manifestations of nonlepromatous leprosy 
hasnot been definitely established. Faget and Mayoral 
(Radiology 42: 1, 1944), for example, concluded from 
their arteriographic studies that the arterial circulation 
of the extremities is not materially disturbed in this 
condition. 

Arteriography of the affected upper extremity was 
performed by the authors in 20 cases of leprosy of the 
nonlepromatous type to detect any change in the 
hemodynamics. Four patients with leprosy with un- 
affected upper extremities and 5 with other skin condi- 
tions served as controls. Vascular changes in the form 
of a circulatory stasis in the digits were demonstrated 
in some cases. This stasis was not dependent on the 
duration of the disease. Ina case with associated bone 
absorption, the vessels appeared thinner and there was 
delay in emptying due to venous stasis. Usually there 
was good filling at five seconds. A shunt was observed 
in most of the control cases, producing a poor filling of 
the digital vessels. 

The findings in the 20 cases are presented. 

Six roentgenograms. WENDELL M. Burns, M.D. 

Covina, Calif. 


Percutaneous Retrograde Thoracic Aortography and 
Levocardiography. P. Thurn, A. Schaede, H. H. Hil- 
ger, and A. Diix. Fortschr. a. d. Geb. d. Réntgenstrah- 
len 93: 393-418, October 1960. (In German) ( Medizini- 
sche Klinik der Universitat Bonn, Germany ) 

Percutaneous retrograde levocardiography and 
aortography make possible selective visualization of the 
left heart chambers and of the aorta with its branches. 
They have been used routinely in 68 consecutive cases. 

The procedure is done under general anesthesia with 
preliminary sedation. A femoral artery is punctured 
percutaneously. A thin catheter is introduced and is 
led upward to the base of the aorta. Passage into the 
left ventricle can be easily accomplished except in ex- 
treme stenosis of the aortic valve. The right brachial 
artery may have to be used instead of a femoral artery 
in far advanced coarctation of the thoracic aorta. 

ure readings are taken in the left ventricle and 
aorta, and are followed by rapid injection of Renografin 
(76 percent). The adult dose is 50 c.c. in aortography 
and 60 to70c.c. in levocardiography. Continuous elec- 
trocardiographic tracings are taken throughout the pro- 
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cedure. After completion of the study and withdrawal 
of the catheter, manual compression of the femoral ar- 
tery is required for ten to fifteen minutes. 

Indications for aortography are: (1) patent ductus 
arteriosus, (2) obliteration of the subclavian artery, (3) 
anomalies of the aortic arch and of cervical arteries, (4) 
aortic isthmus stenosis, (5) aneurysm of the sinus Val- 
salvae, with and without perforation into a cardiac 
chamber, and other types of aneurysm, (6) anomalous. 
coronary orifices, as fistulas between a coronary artery 
and a chamber or the pulmonary artery. The pro- 
cedure is also useful for ‘aimed coronarography’’ in 
coronary disease. 

Indications for levocardiography are: (1) aortic steno- 
sis (valvular, subvalvular, and supravalvular), (2) 
idiopathic hypertrophy, Bernheim syndrome, endo- 
cardial fibroelastosis, tumor, and constrictive pericardi- 
tis, (3) aortic insufficiency, especially in high septal 
defect, (4) mitral insufficiency, (5) combined mitral- 
aortic lesions, especially preoperatively in mitral steno- 
sis, (6) ventricular septal defect with left-to-right 
shunt for preoperative localization of defect, and (7) 
transposition of the great vessels. 

Fifteen different conditions are illustrated with roent- 
genograms, electrocardiograms, and pressure curves. 
The differential diagnosis of aortic stenosis, mitral 
insufficiency, and ventricular septal defect is discussed 
in detail, and it is stressed that proper evaluation of 
reflux from the left ventricle into a dilated left atrium 
during levocardiography requires continuous elec- 
trocardiographic monitoring. 

Twenty-nine roentgenograms; 9 electrocardiograms. 

ERNEST Krart, M.D. 
Northport, N. Y. 


THE DIGESTIVE SYSTEM 


Dysphagia Lusoria Presenting as a Superior Medias- 
tinal Syndrome. Roy Morris. Brit. M. J. 2: 1558- 
1561, Nov. 26, 1960. (Johannesburg, Union of South 
Africa) 

In the adult the term dysphagia lusoria usually de- 
notes esophageal compression by an aberrant right sub- 
clavian artery. The author reports what is believed 
to be the first case of adult dysphagia lusoria presenting 
as a superior mediastinal syndrome to be recorded in 
the English-language literature and the first case in an 
adult to be treated surgically. 

The patient, a 54-year-old woman, had for about 
twenty-five years constant dysphagia of variable inten- 
sity, associated for fourteen years with orthopnea and 
episodically with swelling of the neck, hoarseness, and a 
‘choking’ sensation. On physical examination the 
neck appeared swollen, suggesting thyroid enlargement. 
The external jugular vein was not distended, but the 
veins of the optic fundi were engorged. The clinical 
impression was that of a retrosternal goiter which had 
undergone a recent hemorrhage. Roentgen examina- 
tion, however, revealed a defect in the esophagus, caused 
by an aberrant vessel. Aortography confirmed the 
presence of an aberrant right subclavian artery with a 
slight dilatation at its origin. At thoracotomy, the 


aberrant artery was found to arise about 0.5 cm. beyond 
the left subclavian from the posterior aspect of the aortic 
arch. That segment crossing the esophagus was 
ligated and excised. The patient rapidly recovered 
from the operation and all symptoms immediately dis- 
appeared. At follow-up examination, the optic fundi 
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appeared normal and there was no thyroid swelling. 

Embryologically, an arteria lusoria represents the 
persisting distal descending portion of the fourth right 
aortic arch; the persistence of this arch leads to the 
formation of an aberrant right subclavian artery. At 
the origin of the abnormal vessel there may be an 
aneurysmal dilatation known as the diverticulum of 
Kommerell. From the left side of the aortic arch, the 
aberrant artery courses to the right in one of three ways 
It may run behind the esophagus (80 per cent of cases), 
between the esophagus and trachea (15 per cent), or in 
front of the trachea and esophagus (5 per cent). The 
commonest and mildest complaint is a feeling of food 
sticking under the manubrium sterni, which is often 
attributed to a globus hystericus. The dysphagia may 
be mild and chronic, it may become progressively worse, 
or it may be fairly severe with acute exacerbations, as in 
the author’s case. 

An esophagram, in frontal projection, reveals a de- 
fect about 0.5 cm. wide passing upward from left to 
right on the posterior aspect of the esophagus just above 
the aortic arch. An excess of barium sulfate may ob- 
scure the defect. In oblique views of the esophagus the 
abnormal vessel produces a typical notch. Should the 
vessel course in front of the trachea, no esophageal de- 
fect will be encountered. Angiography may be em- 
ployed to demonstrate the aberrant vessel but is hazard- 
ous and is better avoided. Esophagoscopy will reveal 
the presence of a pulsatile esophageal defect, either 
anteriorly or posteriorly, in about 40 per cent of cases. 
The diagnosis may also be made by right subclavian 
artery catheterization, but the symptoms are usually so 
mild that this procedure is not warranted. 

Four roentgenograms; 3 drawings. 

Puitip M. Jonnson, M.D. 
Montclair, N. J. 


One Hundred Consecutive Cases of Dysphagia: 
Some Problems in Diagnosis. G. Osborne, Paul T. 
Savage, and §. L. Strange. Clin. Radiol. (J. Fac. Radi- 
ologists ) 11 : 250-265, October 1960. (The Whittington 
Hospital, London, N. 19, England) 

The authors review their experience with 100 con- 
secutive cases of dysphagia seen in a general hospital. 
The various causes of dysphagia found in this series 
were carcinoma of the esophagus, 11 cases; malignant 
neoplasm of stomach, 19 (carcinoma, 18; reticulosar- 
coma, 1); carcinoma of bronchus, 4; cardiospasm, 6; 
hiatus hernia, 27; complications incident to operations 
on the stomach, 4; miscellaneous, including webs and 
pharyngeal pouches, 8. In 21 patients no organic cause 
for the dysphagia was discovered. 

The diagnostic problems encountered are discussed. 
Special reference is made to the simulation of esophageal 
sarcinoma by bronchial carcinoma, to the distinction 
between benign and malignant strictures associated 
with hiatus hernia, and to x-ray negative dysphagia. 

Thirty-two roentgenograms; 2 drawings; 1 photo- 
graph; 2 tables. THEODORE E. Keats, M.D. 

University of Missouri 


Narrow Esophagogastric Ring Treated Endoscopi- 


cally. Max L. Som, Bernard S. Wolf, and Richard H. 
Marshak. Gastroenterology 39: 634-638, November 
1960. (B.S.W., The Mount Sinai Hospital, New York 
29, N.Y.) 

The literature on esophagogastric rings is reviewed 
briefly, and a case is reported to illustrate the typical 
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history and to show that endoscopic rupture may f, 
nish relief of symptoms. 

The patient was completely well until the age of 
twenty-eight, when he started to have intermitten 
dysphagia with coarse-grained foods, such as meat 
Food would not go down, and though he tried to regur 
gitate he was unable to do so. Sometimes efforts over 
period of an hour succeeded in bringing up particles of 
food that he had recently eaten, accompanied by large 
quantities of mucus. Roentgen examination of the 
esophagus on two occasions was reported as normal 
Finally, a severe episode lasting six hours occurred 
At this time fluoroscopy disclosed a typical constriction 
ring, 3 cm. above the hiatus of the diaphragm. By ys. 
ing a compressed barium tablet of known size, the di. 
ameter of the ring was judged to be 10.3 mm. The fold 
pattern of the viscus distal to the site of the ring was 
thick and resembled gastric rugae. Esophagoscopy was 
performed with an esophagoscope much wider than 
usual (16 mm. in outside diameter). At 40 cm. from 
the upper incisor teeth, the lumen of the esophagus was 
narrowed by a constriction covered by smooth, pale 
mucosa through which the instrument could not be 
passed. Gastric rugae could be identified beyond the 
constriction. An esophageal forceps with a right angle 
punch was used to sever the ring; the lumen promptly 
gaped open and the esophagoscope could be passed into 
the stomach. All symptoms were completely relieved 
Repeat roentgen examination, several months later, 
still demonstrated a ring but the same sized barium 
tablet passed easily, indicating that the diameter of 
the ring was at least 12.5 mm. 

The importance of using an esophagoscope with a 
caliber greater than the ring in order to visualize and 
treat it endoscopically is emphasized. An esophago- 
scope of 10 or 12 mm. diameter may easily slip through 
a clinically significant constriction. 

Three roentgenograms. 

Capt. Howarp R. Goutp, M.C. 
Loring AFB, Maine 


Leon Ginzburg, Richard H 
Surg., Gynec. & Obst 
(The Mount Sinai 


Regional Jejunitis. 
Marshak, and Joan Eliasoph. 
111: 626-632, November 1960. 
Hospital, New York 29, N.Y.) 

Regional jejunitis is an uncommon form of regional 
enteritis in which the initial manifestations are mainly 
or exclusively in the jejunum. The authors deseribe 
the pathologic, clinical, and roentgenologic findings 
in 22 cases in which granulomatous enteritis was con- 
fined originally to the jejunum. 

The areas of involvement are much shorter in regional 
jejunitis than in ileitis. Long, continuous, segmental 
involvement which in distal ileitis may extend for 3 or 
4 feet is not observed as a rule. Diseased segments 
longer than 6 or 12 inches are uncommon. Most are 
even shorter and are frequently annular. When a 
single stenotic lesion is present, there is continuous dila- 
tation of the proximal bowel. More commonly, how- 
ever, multiple stenotic segments are encountered. 

In distal ileitis the roentgen picture is dominated 
by the appearance of diseased segments of bowel. In 
regional jejunitis, on the other hand, the sequelae of 
the diseased stenotic segments, namely, markedly 
dilated, chronically obstructed loops, are the striking 
finding. The retention of food and secretions and the 
inflammatory reaction which frequently develops 
these chronically obstructed loops produce roentgen 
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are characteristic of prolonged obstruc- 


feqtures which 
ris The diameter of the doubly obstructed loops 


roportions of a markedly distended 
instances the stenotic segments are 


may attain the p 
In most 1 
wsily visualized; however, numerous, overlapping 
lated intestinal loops may make a single, short stric- 
ure dificult to delineate. The contours of the nar- 
sowed segments are usually smooth and the lumen is 
concentrically located The mucosa may be cast-like 

r exhibit numerous pseudopolyps and ulcerations. 
The stenotic segments are rigid. The presence of 
kip lesions may result in a “hammock type” or “sau 
age link” type of deformity. Ww hen the obstruction is 
‘igh, duodenal and even gastric dilatation may be 
ident. Fistulas, abscess formation, and sinus tracts 
ire rarely seen. 

The roentgen picture is as a rule sufficiently distinc- 
tive that diagnosis presents little difficulty. In an 
ecasional case, Hodgkin's disease or lymphosarcoma 
aay produce a similar appearance, especially to the 
wnstenosing phase of jejunitis. Differentiation may 
he impe issible. 

While carcinoma has been observed only once in 
wundreds of cases of distal ileitis, a highly malignant 
frm of adenocarcinoma developed in 1 of the 22 pa- 
tients in the present series. The authors have seen one 
ther case of carcinoma arising in an area of regional 
ieunitis. This case was not included in this series 
xeause the terminal ileum was also involved. 

Treatment is usually symptomatic until prolonged 
pstruction supervenes. When surgical intervention 
ecomes necessary, resection is the procedure of choice. 
Extension of disease after operation is common, but the 
relief from symptoms may be remarkable. 

Eleven roentgenograms. 

Mortimer R. Camiev, M.D. 
Brooklyn, N. Y. 


A Simple Experiment in Small-Bowel Motility. 
Charles M. Nice, Jr. Indian J. Radiol. 14: 149-161, 
November 1960. (Tulane University School of Medi- 
ine, New Orleans 12, La.) 

The type and volume of barium preparation, the 
sition of the patient, and state of evacuation of the 
lon were investigated relative to the rate of motility 
ind quality of the roentgenographic pattern of the small 
intestine in over 200 students at Tulane University 
School of Medicine. On the basis of the findings with 
lifferent methods of examination, the following regimen 
s suggested for the roentgenologic study of the small 
intestine: (1) The colon is emptied with laxatives, or 
‘nemas, as for a barium-enema examination. Nothing 
taken by mouth after the laxative. (2) Ten ounces 
fthe usual barium suspension is given by mouth during 
fluoroscopy of the esc yphagus, stomach, and duodenum, 
with roentgenograms as indicated. (3) The patient is 
sked to assume the right lateral recumbent position. 
+) Twenty minutes later, roentgenograms are taken in 
‘ie supine position to show upper small intestinal loops. 
»| Thirty minutes later, fluoroscopy is performed 
‘0 visualize, palpate, and separate loops; 10 ounces of 
Water Is given by mouth. (6) Forty minutes later, a 
prone film of the abdomen is obtained. (7) Sixty 
minutes later, fluoroscopy is again done to see if the 
‘arian has reached the cecum. If it has not, more 
‘ater Is given and the patient assumes the right lateral 
‘ecumbent position for a few minutes longer. When 


“wofescopy reveals barium in the cecum, spot films are 
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obtained of the terminal ileum and ileocecal valve re- 
gion with compression. Another prone view of the 
abdomen is taken at this time. 

This procedure will have to be used for some time to 
see if there is a significant increase or decrease in the 
accuracy of detection of lesions. The author is of the 
impression, however, that one is more likely to discover 
small defects in the barium column than with other 
methods. Certainly one can evaluate such findings as 
segmentation and partial constriction more easily. 

Seven roentgenograms; + tables 

WENDELL M. Burns, M.D. 
Covina, Calif. 


A Roentgenologic Study of the Course of Ulcerative 
Colitis. N. P. G. Edling and O. Ekl6of. Acta radiol. 
54: 397-409, November 1960. (Karolinska Sjukhuset, 
Stockholm, Sweden ) 

The authors investigated the course of ulcerative 
colitis in a series of 140 cases to ascertain the value of the 
reentgen findings in the prognosis and treatment. The 
roentgen examination consisted of the conventional 
barium-enema study, with special projections of the 
rectum and sigmoid colon, flexures, and ileocecal re- 
gion, as well as general views of the large intestine after 
filling and evacuation. 

An analysis of the distribution according to the age 
at onset and to the extent and severity of the disease 
revealed that more extensive and severe lesions de- 
veloped in cases with early onset than in those occurring 
later. The earlier the onset the more marked were 
the subsequent changes. And the incidence of normal 
roentgen findings was highest in the cases of late onset. 
All cases with involvement of the terminal ileum in 
addition to the large intestine, as well as the great 
majority of those with involvement of the large intes- 
tine alone, exhibited marked inflammatory changes in 
the bowel wall. Most of the cases with lesions confined 
to the distal parts of the large intestine, or to the rectum 
alone, showed moderate wall changes. On the whole 
the extent of the inflammatory condition was commen- 
surate with the degree of change present. Marked and 
moderate changes were found in almost equal numbers 
of cases. The progressive and regressive groups com- 
prised fairly equal numbers of cases with marked and 
moderate changes; the roentgen course sometimes 
showed exacerbations and remissions but in the maina 
steady regression or progression. 

Malignant degeneration occurred in 19 of the 140 
patients. Nearly half the tumors were observed in 
patients who were under fifteen years of age at the onset 
of the colitis, though these patients constituted only 
one-fifth of the series. 

An increase of the presacral soft tissue space was dem- 
onstrated in 38 cases. The incidence of malignancy 
in this group was on a par with, and the ulcerative co- 
litis mortality higher than, the average in the series. 

“To sum up, as regards the course of the ulcerative 
colitis itself, the findings at the initial roentgenologic 
examination provide no true guidance, but follow-up 
examinations showed a poorer prognosis for the progres- 
sive than for the recessive cases. As regards malig- 
nancy, on the other hand, marked and extensive initial 
lesions may develop into graver conditions than do 
moderate lesions, but the outcome could not be pre- 
dicted from the course of the inflammatory process.” 

The authors stress that the absence of retrograde 
filling of the terminal ileum in a barium-enema study 


ly, how- 
ed. 
minated 
vel. In 
uelae of 
arkedly 


DIS 


unconditionally calls for a barium meal and examina- 
tion of the ileocecal valve and terminal ileum 
Eleven roentgenograms; 1 diagram; 7 tables 
THeropore E. Keats, M.D. 
University of Missouri 


Giant Cyst of the Common Bile Duct. Preoperative 
Visualization by Transhepatic Cholangiography in 2 
Cases. Alberto Jamis-Muvdi. Am. J. Digest. Dis. 5: 
935-944, November 1960. (Hospital de Barranquilla, 
Barranquilla, Colombia, S. A.) 

Congenital dilatation of the common bile duct is a 
rare anomaly. The cause is unknown; some think it is 
due to an inherent weakness of the walls of the common 
bile duct; others attribute it to the lack of contractile 
elements in the duct, with dilatation considered the re- 
sult of a distal obstruction. The cyst-like dilatation 
may contain up to 8,000 ml. of bile. Generally, there 
is no biliary lithiasis, but cholangitis is frequent, as are 
functional alterations of the liver and biliary cirrhosis 

The diagnosis is based on the presence of jaundice, an 
abdominal mass, and pain. The majority of cases occur 
in children. The differential diagnosis must exclude 
pancreatic and hepatic cysts, tumors of the retroperi- 
toneum, kidney, and liver, and other anomalies of the 
biliary tract Usually the correct diagnosis is not 
made until laparotomy. Gastrointestinal studies show 
displacement of the stomach and duodenum by a cystic 
mass 

The author reports the first 2 cases diagnosed pre- 
operatively by the roentgenographic visualization of the 
giant cysts following injection of contrast medium and 
air, in 1 case through a polyvinyl tube introduced into 
the intrahepatic biliary tree and in the other by intra- 
hepatic puncture. In both instances the enormous dila- 
tation of the common bile duct was identifiable pre- 
operatively 

Choledochocysticoduodenostomy was performed in 
both patients, with relief of symptoms. Postoperative 
roentgen studies in the first patient showed a tendency 
for the common bile duct to resume its normal size and 
shape. 

Sixteen roentgenograms. 

Mortimer R. M.D 
Brooklyn, N. Y. 


The Sphincter of Oddi and Gallbladder Function: 
I. Preservation of Function after Section and Resection 
of the Sphincter. Robert E. Lempke. Ann. Surg. 
152: 815-826, November 1960. (VA Hospital, In- 
dianapolis, Ind. ) 

Eight consecutive patients in whom the sphincter of 
Oddi was sectioned or resected, without prior or con- 
comitant cholecystectomy, were shown by oral chole- 
cystography to have a functioning gallbladder after in- 
tervals ranging up to two years. 

Oral cholecystography is a simple direct method of 
evaluating the effect of sphincter destruction on the 
function of the gallbladder, though it has been little 
used in the study of this problem. Of the author’s 8 
patients, 6 retained essentially normal and 2 reduced 
gallbladder function as determined by oral cholecys- 
tography. Reflux of barium into the common duct dur- 
ing upper gastrointestinal study was suspected in 1 
patient and was definite in another. The latter was 
the only patient in whom cholecystitis developed. 

Preservation of function on oral choleeystography 
does not preclude the existence of cholecystitis even in 
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the absence of definite symptomatology. Neither doe: 
an apparent decrease in the density of the gallbladi. 
image necessarily indicate disease of that “ 
absorption of the contrast material may be 
intestinal factors such as increased motility secondar 
to pancreatic insufficiency. It is significant, hone 
that the gallbladder did fill well enough to demonstrat: 
some function in every case and that the reduced fur. 
tion in 2 patients, as well as the absence of Visualizatioy 
in previously recorded cases, was associated with chk 
dochoduodenal incompetence 

Thirteen roentgenograms; 2 drawings; 3 Photomiers 
graphs. 
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Soft-Tissue Changes and Radiological Early Diagno- 
sis of Acute Osteomyelitis in Children. A. Giedigy 
Fortschr. a. d. Geb. d. Réntgenstrahlen 93: 455-44 
October 1960. (In German) ( Universitiits-Kinder 
klinik Ziirich, Switzerland ) 

In acute osteomyelitis the first diagnosis has to be 
based primarily on clinical findings. The visible bon: 
changes represent a late manifestation of the diseas 
osseous and periosteal lesions being seen roentgenolog 
ically ten to fourteen days after the onset of symptoms 
Early roentgen signs in the soft tissues have to be relied 
upon. These consist of disappearance of fat spaces 
near a joint and swelling of contiguous muscles, fF; 
nally, the subcutaneous layers become obliterated and 
massive edema develops Comparative radiologi 
studies of the normal contralateral side are helpful i: 
coming to definite conclusions 

Of special significance is the development of th: 
lesions in an outward direction from the inside, whereas 
ordinary skin infections extend only superficially 
Diagnostically important is a metaphyseal involvement 
with the nearby joint remaining intact. This localiza 
tion prevents confusion with septic arthritis. 

The author reports on 28 children, 5 below the age oi 
five, 6 between five and ten years, and 12 betwee 
ten and sixteen years. The distal femur was affected ir 
7 cases, the proximal tibia in 6, the proximal humerus 
in 3, and the distal tibia in 3. In the 4 remaining casts 
the proximal femur, the distal humerus, the distal fibul: 
and the calcaneus, respectively, were the sites of the 
involvement. In most instances treatment was symp 
tomatic, with antibiotics during the first week of illness 
although no definite diagnosis had been established 
This form of treatment resulted in an atypical cours 
with delay of visible bone changes for three weeks ot 
longer. 

Five cases are reported and illustrated: _ in the dista 
fibula, the distal femur, the humerus, the calcaneus, ant 
the tibia. Most of these were not correctly diagnose 
or treated until the roentgenograms showed the de- 
scribed soft-tissue changes, suggesting an early phase i 
acute osteomyelitis. 

Thirteen roentgenograms; 
tables. 


3 drawings; 1 chart; » 
ERNEST KRAFT, M.D. 
Northport, N. y. 


Massive Osteolysis of Bone: Report of a Fatal Cast 
with Temporary Reconstitution of the Affected Bone 
Following Irradiation. John M. Fiore and W illiam T 


Smyth. Ann. Int. Med. 53: 807-816, October 196! 
(VA Hospital, Albany, N. Y.) 


The syndrome of acute spontaneous absorption ” 
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pone is a rather rare and poorly understood condition, 
tis often referred to under such descriptive titles as 
‘disappearing bone,” “acute spontaneous absorption 
of bone,” and “4diopathie osteolysis of be me. Approxi- 
mately 30 cases have now been recorded in the litera 
ture “Asa rule, the patient is a young adult in good 
health; minor traurna, usually to the affected area, 
calls attention to the lesion Pain is not a striking 
symptom. There is no sex predilection In some 
cases, the lesion reaches a certain size and then becomes 
static; in others, it may progress to extensive destruc- 
tion of the affected bone and of the contiguous bony 
structures. The latter variety is usually associated 
with a 
oma 
In some instances, the etiology of “disappearing bone” 
is obvious, 1¢., hemangioma of bone, lymphangioma of 
hone, or nonunion of fractures with resorption of vary- 
ing amounts of the distal fragment. No common de- 
nominator is apparent in other cases. Parathyroid 
tumors have been sought for but so far have not been 
found. The osteolysis has also been attributed to a 
disturbed blood supply and to neurotrophic changes. 
The authors report a case of massive osteolysis in a 
#-vyear-old white male whose initial complaint was 
pain in the knee. Roentgen examination of the pelvis 
revealed osteolysis of the superior and inferior rami of 
the left pubis. There was also slight deviation of the 
left side of the bladder toward the midline. A study 
of the urinary tract disclosed a moderately severe left 
A biopsy of the left pubis was re- 
Laboratory 


neoplasm, ¢.g., lymphangioma or hemangi- 


hydronephrosis 
ported as showing dense fibrous tissue. 
studies were noncontributory. 

In an attempt to aid the patient, roentgen therapy 
was given, 2,200 r being delivered to each of two ports 
over a period of thirty-six days. Within six days there 
was a significant decrease in the hip pain. Roentgeno- 
grams taken approximately two months after initiation 
f irradiation showed a significant degree of bone re- 
generation. By seven months after irradiation, almost 
complete regeneration of the bony structures had taken 
place, and the hydronephrosis had disappeared. 
Shortly thereafter, a palpable mass was found in the 
medial aspect of the upper left thigh. A biopsy of this 
thigh lesion disclosed a very vascular, undifferentiated 
sarcoma. Roentgen therapy was administered to the 
thigh and groin, for a total tumor dose of 3,000 r. The 
osteolysis recurred, and pulmonary metastases de- 
veloped. The patient died approximately eleven 
months after the beginning of the first course of roent- 
gen therapy. At necropsy, no evidence of a primary 
bone tumor was found, nor was there evidence of a 
bladder neoplasm 

The authors theorize that in this case the bone dis- 
appeared due to local metabolic competition between a 
malignant process and the adjacent intact skeleton. 
The case would seem to indicate that irradiation may 
be of some benefit in arresting the process or in restoring 
the skeletal structure 

Three roentgenograms; 1 photograph; 2 photomicro- 
graphs, F. Curistenson, M.D. 

Fontana, Calif. 


A. Lindbom, N. 
Acta radiol. 54: 
(Karolinska Sjukhuset, 


Angiography in Osteoid Osteoma. 
Lindvall, G. Séderberg, and H. Spjut. 
3 -333, November 1960. 
Stockholm, Sweden ) 

The nidus of an osteoid ostec tna contains many more 


vessels than the surrounding bony and soft. tissues 
The majority of these vessels are slightly dilated capil- 
laries. Angiography with a serial technic was per- 
formed by the authors in 2 cases of osteoid osteoma, of 
the ulna and fibula, respectively. The lesion of the 
ulna had a typical roentgenographic appearance with 
marked bony sclerosis around a clearly discernible nidus 
In the other the roentgen picture was more unusual 
The nidus was large and superficial and probably located 
chiefly in the periosteum. The proximal end of the 
fibula was diffusely sclerotic and had a considerably 
greater diameter than the head of the fibula of the op 
posite side. In both cases contrast filling of the nidus 
was obtained in the course of angiography. The lesion 
in the fibula in the second case was curetted, with a re- 
sultant relief of symptoms. Two and a half years after 
the operation the patient complained of slight pain in 
the same region. Roentgen examination revealed a 
small superficial defect in the bone at the same site as 
the original nidus. Angiography showed this defect to 
contain highly vascular tissue. At re-examination, 
five vears after surgery, the superficial defect had almost 
completely disappeared and the upper ends of the 
fibulae were of almost equal size. 

Angiography was also performed in 2 cases of scleros- 
ing osteomyelitis involving the fibula. No inereased 
vascularity in or around the pathologically changed re- 
gions could be detected either at angiography or on 
microscopic examination. It is therefore suggested 
that angiography may be a useful method of distin- 
guishing osteoid osteoma from bone abscess. 

Thirteen roentgenograms; 1 photomicrograph. 

Juctan O. Sauik, M_D. 
Baltimore, Md. 

Desmoplastic Fibroma. A Report of Three Cases. 
Thomas E. Whitesides, Jr., and Lauren V. Ackerman. 
J. Bone & Joint Surg. 42-A: 1143-1150, October 1960. 
(L. V. A., 600 S. Kingshighway, St. Louis 10, Mo.) 

The desmoplastic fibroma is an uncommon bone 
tumor of fibroplastic origin. The few cases recorded 
have shown a wide age range, and no sexual predilection 
has been established. The authors present 3 excep- 
tionally interesting examples of desmoplastic fibroma. 
The tumors were of unusually large size and were not 
located in the same areas as those reported by Jaffe 
(Tumors and Tumorous Conditions of the Bones and 
Joints, 1958). One tumor was in the ilium and 2 were 
in the humerus. Both of the tumors of the humerus 
crossed into the epiphyseal areas of bone—a behavior 
not previously noted. 

As seen on the roentgenogram, the tumor is usually 
centrally located and expands the bone cortex The 
lesion itself is radiolucent and has a sclerotic and irregu- 
lar border, giving the illusion ot trabeculation similar 
to that found in unicameral bone cyst or metaphyseal 
fibrous defect. The apparent trabeculation and bone 
expansion may also be suggestive of an aneurysmal bone 
cyst or even a chondromyxoid fibroma. [In an ex- 
tremely large lesion, as in one of the authors’ cases, the 
tumor may replace the entire bone and give an appear- 
ance not unlike that occasionally seen in metastatic 
adenocarcinoma of thyroid or renal origin. The desmo- 
plastic fibroma differs from monostotic fibrous dys- 
plasia in that the tumor tissue does not undergo 
osseous metaplasia; thus there are no radiopaque areas 
in the tumor itself. Medullary fibrosarcoma may pro- 
duce a similar roentgen picture 


| 


920 


Treatment of desmoplastic fibroma should consist 
in incisional biopsy and then curettage or resection as 
required by the individual case. Amputation should 
rarely if ever be necessary. The tumor may be clini- 
cally and histologically easily confused with fibrosar- 
coma; thus an accurate diagnosis is necessary in deter- 
mining the proper management 

Nine roentgenograms; | photograph; 3 photomicro- 
graphs. Capr. SAMUEL S. KRIKORIAN, M.C 

Lackland AFB, Texas 


Osseous Lymphogranulomatosis. J. Harder. Fort- 
sehr. a. d. Geb. d. R6ntgenstrahlen 93: 445-454, Octo- 
ber 1960. (In German) (Chirurgische Universitits- 
klinik Miinchen, Germany ) 

Skeletal changes in lymphogranulomatosis are rec- 
ognized during life in approximately 5 to 15 per cent 
of cases. The pathologists, however, report a much 
higher incidence (55 per cent). This discrepancy sug- 
gests that osseous foci frequently escape recognition, 
especially when only the bone marrow is involved. 
Roentgenologic visualization is not obtained until the 
pathologie process extends to cancellous and compact 
bone. 

Primary lesions of the skeleton do not exist since 
lymphatic involvement is always present. Metastatic 
spread to bones is usually from adjacent soft tissues, 
especially the lymph nodes, and hematogenous spread 
to the calvarium and bone marrow is an exception to 
the rule. 

In a group of 112 cases, osseous involvement was 
present in only 17 (15.1 per cent) and in 7 of these the 
bone lesions were multiple. Osteolytic foci were found 
in 17 locations, osteosclerosis in 4, a mixed type in 3, 
and honeycomb cystie change with sclerotic trabeculae 
in 1. Osteolysis with marginal sclerosis was observed 
quite frequently. The vertebral column was affected 
in 11 cases, the ribs in 9, the pelvis in 5, the sternum in 
3, the femur in 2, and the skull and scapula in | each. 
The lesions simulated either metastatic carcinoma, 
chronic bone abscess, eosinophilic granuloma, or reto- 
theliosarcoma. Lamellated periosteal proliferation 
of a tubular bone occurred in | case, similar to findings 
in Ewing’s sarcoma. 

Skeletal involvement is believed to be a late mani- 
festation of the disease, but occasionally it may precede 
other symptoms and signs by several vears. In dif- 
ferential diagnosis, attention is directed to ‘‘primary”’ 
lymphogranulomatosis of bone, especially in the skull. 

Four cases are described, which could be followed for 
several years, contrary to the usual course of bone in- 
volvement in the later phases. A metastatically in- 
volved vertebral body was observed to change from 
an osteosclerotic to an osteoporotic appearance. It 
is therefore assumed that osteosclerosis represents not a 
stage during healing but a reactive response to the 
lymphogranulomatous tissue in the marrow spaces. 
There may be a long latent period between the occur- 
rence of pain and the first radiologic demonstration of 
bone changes (in the author’s experience three vears). 
Consequently, irradiation should be given if clinical find- 
ings suggest bone involvement even though the radio- 
logical findings are still negative. 

[In most instances the response to roentgen therapy 
was favorable. Small osteolytic foci can be satis- 
factorily treated with high radiation (about 
1,000 r) but for other lesions a larger total tumor dose is 
usually required for effective control. Spontaneous 
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regression could also be observed 
did not imply a favorable prognosis 
Eleven roentgenograms. ERNEST KRart, Mp) 
Northport, N. ¥ 


Radiosensitiyity 


Cinemyelography. Frank P. Smith, Frederick p 

Pitts, Jr., and Stanley M. Rogoff. J Neurosurg. 17: 
1112-1115, November 1960. (F. P. S., 260 Crittenden 
Bivd., Rochester 20, N. Y.) 
The authors discuss some of the advantages and 
limitations of cinemyelography. The apparatus used 
for the majority of their cinemyelograms has been 
45-inch Philips x-ray image intensifier fitted with a 33. 
mm. Arriflex camera. 

Experience with cinemyelography indicates that its 
primary role is educational in nature, offering a motion 
picture to individuals who might otherwise not have an 
opportunity to witness the fluoroscopic portion of 
the myelographic examination. A cinemyelogram may 
reveal a filling defect overlooked in intermittent fluoros. 
copy and spot-films, especially when large amounts of 
Pantopaque are employed and when two or more people 
are vying for position over the usual fluoroscopic sereen 
The flow of contrast material through the thoracic 
spinal canal can be visualized better with cinemyelog. 
raphy than with routine myelographic technic. If 
desired, the recording camera may be set over the 
generally suspected level and a continuous record made 
as the patient is gradually tilted with the examining 
unit. In addition, the effects of coughing or straining, 
which provoke changes in intraspinal pressure, may be 
studied with cinemyelography. 

Fortunately, the development of the image intensifier 
has reduced the amount of radiation necessary for ade- 
quate exposure of films and the hazard to the patient 
has decreased. With the maximal time of study limited 
to a minute and a half, cinemyelography in the lumbar 
region delivers approximately the same scattered gon- 
adal dosage as might be received during an intensive 
gastrointestinal examination, consisting of fluoroscopy 
and films. In general, lumbar cinemyelography has 
not been performed in patients under forty years of 
ge. 

One of the limitations of the technic described is that 
the periscopic viewing device of the image intensifier 
allows observation by only one person;  spot-films, 
however, may he obtained at any time. The recently 
developed television monitoring systems facilitate 
group viewing of the fluoroscopic image during the pro- 
cedure. 

A teaching film has been compiled and may be bor- 
rowed on request to Dr. Smith, whose address appears 
at the beginning of the abstract. 

Three roentgenograms. 

SAMUEL B. Haveson, M.D. 
Lynwood, Calif. 


Management of Fractures of the Greater Multangu- 
lar. Report of Five Cases. Lee J. Cordrey and Miguel 
Ferrer-Torells. J. Bone & Joint Surg. 42-A: Li1l- 
1118, October 1960. (4801 Woodmere, Tampa % 
Fla. ) 

Since the first carpometacarpal joint is important m 
the function of the thumb and in performance of strong 
pinch and grasp, injury to the greater multangular, if 
not accurately diagnosed and treated, may lead to pe 
manent impairment of function because of pain, limita- 
tion of motion, or weakness. Isolated fractures of the 
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rare and are usually the result 
radiodorsal aspect of the wrist 
the typical isolated fracture is a vertical crack through 
ri saquetion of the bone, with some proximal dis 
ell of the radial fragment Since the first 
vnetacarpal articulates primarily with this fragment, it 
is displaced proximally from its normal position 

A major cause of error in the diagnosis of fractures of 
the greater multangular is inadequate roentgenograms 
4 portion of the greater multangular is obscured on all 
views except an oblique made with the ulnar border of 
the hand resting on the cassette and the forearm in 20° 


greater multangular aré 
fa direct biow to the 


of pre mation 
Five cases of fracture of the greater multangular 


created by open reduction and internal fixation are 
reported. Three patients had isolated fractures; in | 
satient the fracture was associated with an undisplaced 
econd metacarpal and another with an undisplaced 
blique fracture of the proximal phalanx of the thumb 
To achieve a stable, anatomical reduction of the 
fracture and assure restoration of the articular surfaces 
of the first carpometacarpal joint, open reduction and 
internal fixation are recommended. The procedure 
ermits relatively early mobilization of the thumb with 
minimum danger of displacement of the fracture frag 
ments. Early motion should reduce the risk of contrac 
tures of the capsule and thumb web. All 5 patients in 

the present series regained full motion of the thumb 

Six roentgenograms 
Capt. Ronert E. Witpin, M.C 
Lackland AFB, Texas 


Hip Shelves in Children. [David M. Bosworth, J 
William Fielding, William A. Liebler, Tadao Ishizuka, 
Hiroshi Ikeuchi, and Paul Cohen. J. Bone & Joint 
Surg. 42-A: 1223-1238, October 1960. (742 Park 
Ave, New York 21, N. Y 

The authors report the results of 82 hip-shelf opera 
tions on 60 children with unstable hips. (In this study 
i stable hip is a hip joint in which the relationship of the 
femoral head to the acetabulum is maintained during 
stress and during weight-bearing, even though the 
patient has a limp and a positive Trendelenburg test 
wing to muscle weakness.) The average age of the 
children at the time the shelf was applied was 4.6 years 
The diseases causing the hip disability were: congenital 
dislocation of the hip, 30 cases; congenital subluxation 
of the hip or coxa magna, 7; cerebral palsy, 3; polio- 
myelitis, 12; old suppurative arthritis, 6; meningo- 
myelocele, 2. No redislocations occurred following 
shelf applications, except in the 3 patients with cerebral 
palsy and in 1 of the 2 with meningomyelocele. All of 
the patients with paralytic dislocation of the hip due to 
poliomyelitis did well. The period of follow-up after 
operation ranged from two to twenty years, with an 
erage of 6.3 years 
_ The age of the patient and the nature of the hip 
disability (dislocation, subluxation, aplasia of the ace- 
‘tabulum, absorption of a previously applied shelf, or 
coxa Magna) had no influence on the outcome. The 
perative technic was the essential factor in determining 
i satisfactory result. It involves the implantation of 
in adequate sized shelf in a properly located slot at the 
ittachment of the capsule of the hip joint with the distal 
end of the graft fixed beneath the reflected head of the 
rectus femoris tendon. No attempt was made to 
change the position of the femoral head 
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Roentgen changes of profound importance were ob 
served in the ilium of all patients. The superior por 
tion of the iliurn usually became narrower, whereas the 
lower part above the acetabulum showed extensive 
widening. Asa result, the appearance of the ilium and 
hip joint after the shelf procedure often resembled that 
seen following supra-acetabular pelvic osteotomy. A 
good part of the benefit from the shelf operation seems 
to come from this widening of the supra-acetabular por 
tion of the ilium which follows the implantation of the 
shelf. Both increases and decreases in the density of 
the bone in the graft and in the iliurn were observed 
roentgenographically at the point of attachment of the 
shelf to the ilium. Whether these changes represented 
actua! alterations in the bone structure at this point 
was not determined 

Serial roentgenograms on 14 patients; | photograph; 
2 drawings Capt. SAMUEL S. KRIKOoRIAN, M.C 
Lackland AFB, Texas 


Tomography and Other Radiological Methods in the 
Management of Congenital Dislocation of the Hip. 
A. F. Barrett and G. I. Verney. Brit. J. Radiol. 33: 
684-690, November 1960. (Queen Elizabeth Hospital, 
Birmingham, England ) 

This paper is concerned not with the diagnosis of dis 
location of the hip but with the radiographic technics 
employed during its treatment. The difficulties of 
obtaining a satisfactory demonstration of the relation- 
ship between the femoral heads and the acetabula, 
especially during the stage of immobilization in a plaster 
of Paris cast, are discussed 

The authors have been using a Siemens multisection 
apparatus, whereby up to seven cuts either at 0.5 or 
1.0-cm. intervals are obtained in a single exposure. In 
practice, three cuts at 1.0-cm. intervals are usually satis- 
factory. The top, or anterior, cut is made to pass 
through the plane half an inch (1.3 cm.) below the skin 
over the femoral head. In most children between the 
ages of one and three years, the three cuts pass through 
the anterior, middle, and posterior parts of the acetab- 
ulum. At the time of writing 23 patients had been 
studied by multisection tomography, for a total of 114 
examinations. The results are compared with those 
obtained by conventional methods, such as single antero- 
posterior radiograph, lateral radiograph, stereoscopic 
anteroposterior radiographs, and anteroposterior radio- 
graphs with tube shift. Even in dysplastic hips, with 
poorly ossified heads and despite thick plaster casts, 
accurate assessment of the femoro-acetabular relation- 
ship can be made by multisection tomography. A sub- 
luxation of as little as 1.0 cm. in the anteroposterior 
direction can be recognized by the difference of defini- 
tion of the femoral heads in the three cuts. When 
patients are wearing plaster casts, it is the method of 
choice 

The dose to the ovaries was studied in the 20 females 
in the series, for both plain radiography and tomog 
raphy. The estimated ovarian dose during tomog- 
raphy is approximately equal to that for two plain 
radiographs when the patient is in a plaster cast 
Without the plaster cast, the estimated dose with tomog- 
raphy is well under that for the pair of plain radio- 
graphs. The reason for this difference is discussed 

Ten roentgenograms; 2 tables. 

Harotp A. Swanson, M.D 
Calgary General Hospital, Calgary, Alta. 
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Development of Osseous Changes Associated with 
Cysts of the Lateral Meniscus of the Knee. EF. Jon- 
asch. Fortschr. a. d. Geb. d. R6ntgenstrahlen 93: 466 
171, October 1960. (In German) (Arbeitsunfallkran- 
kenhaus Wien, Austria ) 

Twenty-eight cases of proved cyst of the lateral 
meniscus of the knee were seen in Dr. Béhler’s hospital 
in Vienna between 1936 and 1959: 22 males and 6 
females, with an average age of thirty. In borderline 
cases routine comparative views of the normal contra 
lateral side confirmed the suspicion of minimal altera- 
tions. In all surgically verified cases, osseous changes 
were present at the external tuberosity laterally, slightly 
below the knee 

Cysts of the lateral meniscus may be recognized on 
ordinary anteroposterior radiographs. A small exosto- 
sis was seen at the insertion of the lateral joint capsule 
in 4 cases, additional notching immediately below the 
articular surface in 19 cases, and notching without 
exostosis in the remaining 5. In some patients it took 
three years for the full development of the changes 
There was no regression, and the altered contour proved 
irreversible according to follow-up studies which in | 
case were continued for twenty years after removal of 
the cyst. 

The growth of a cyst causes traction of the periosteum 
with resulting exostosis. As the cyst increases in size, 
pressure on the adjacent bone tends to produce the 
associated notching in most instances. 

In conclusion, it is stated that all lateral meniscus 
evsts will in time produce characteristic roentgen 
changes of the lateral contour of the external tibial 
tuberosity. 

Fifteen roentgenograms. ERNEST KRAFT, M.D 

Northport, N. Y. 


A Device for Stress Inversion or Eversion Roentgeno- 
grams of the Ankle. Elias D. Sedlin. J. Bone & Joint 
Surg. 42-A: 1184-1190, October 1960. (The Henry 
Ford Hospital, Detroit 2, Mich. ) 

The author describes an inexpensive device for main- 
taining stress on the ankle in inversion or eversion while 
roentgenograms are being made for the evaluation of 
ligamentous injuries. The device consists of a foot 
piece, an anchoring thigh strap, and two connective 
ropes. It has been employed to make stress roentgeno- 
grams of both ankles of over 150 patients, and there is 
no evidence that stress testing increased the extent of 
the injuries. 

The amount of stress applied in the normal ankle is 
just that needed to cause discomfort, and in the anes- 
thetized, acutely injured ankle it is the amount re- 
quired to invert the ankle to the point where resistance 
to further inversion is felt. Roentgenograms in the 
anteroposterior projection are obtained and the talar- 
tilt angle (the angle formed by the tibial and talar ar- 
ticular surfaces) is measured, using a method similar to 
that outlined by Rubin and Witten (J. Bone & Joint 
Surg. 42-A: 311, 1960. Abst. in Radiology 76: 161, 
1961). A maximum tilt of 14° was found in unanes- 
thetized normal ankles of patients with acute, contra- 
lateral injuries. In normal ankles tested under general 
anesthesia the tilt was only 8°. The maximum varia- 
tion between right and left ankles in normal persons 
was 10°. In anesthetized, injured ankles, the talar 
tilt ranged from 0 to 70°. As a rough guide, 15° has 
been accepted as the upper limit of tilt in a normal 
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ankle. Rubin and Witten believe that @ talar-tit 
angle of less than 23° is not a reliable indication o) 
ture of the fibular collateral ligament. The auth 
feels that the injured ankle which exhibits talar . 
ranging from 10 to 15° presents the greatest cme - 
possible diagnostic error. 

Forty of the 125 acutely injured ankles were explored 
surgically. In general it was found that a frank a 
of the ankle did not exist if the talar tilt angle was in 
than 15°. The extent of damage tound at operation 
was positively associated with the degree of tilt an. 
ured. 

Stress testing with the device described js indicated 
(1) in patients with a history of severe disability develop. 
ing promptly at the time of injury, of rapid onset ,j 
edema and ecchymosis after injury, and of an injury 
involving moderate to major stress; (2) when physical 
examination reveals ecchymosis, severe edema, marked 
tenderness localized to the collateral ligaments, clinica! 
instability, and marked pain on weight-bearing: (3) 
when routine anteroposterior, lateral, and oblique 
views fail to demonstrate pathological changes that are 
consistent with the history and physical findings. 

Four roentgenograms; 4 photographs. 

Capt. Joun C. RAMBEAU, JR., MC. 
Lackland AFB, Texas 
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Narrowing of the Intervertebral-Disc Space in 
Children. Presumably an Infectious Lesion of the 
Disc. James R. Doyle. J. Bone & Joint Surg. 42-A: 
1191-1200, October 1969. (Franklin Hospital, San 
Francisco 14, Calif.) 

The author calls attention to a destructive lesion of 
the spine in children which involves the intervertebral 
disk. The presenting symptoms, as well as the physi- 
cal, laboratory, and roentgen findings, suggest that this 
is probably an infectious process. The lesion resembles 
osteomyelitis in many ways, but because of the infre- 
quent and minimal vertebral involvement, it is believed 
that the condition should be regarded as a separate 
entity. The findings in 16 children with this disorder 
are described. 

The typical patient is a two-to-four-year-old child who 
for seven to ten days before admission has symptoms 
which include fever; stiffness of the back; back or hip 
pain; limp; refusal to sit, stand, or walk; and unex- 
plained night crying. Although the child does not 
appear to be acutely ill, he is very irritable and prefers 
the recumbent position. There is severe spasm of the 
muscles of the back, with accentuation of the lumbar 
lordosis. The leukocyte count is slightly elevated, 
with an increase in the polymorphonuclears. The 
sedimentation rate is moderately increased at first but 
returns to normal in four to six weeks. Within one to 
two weeks, the temperature returns to normal, but the 
child remains symptomatic for three to four weeks. 
Roentgenograms of the spine at the onset of symptoms 
may show no abnormality, but one to two weeks later 
narrowing of a lumbar intervertebral space may be ob- 
served. During the next two to eight months there is 
gradual widening of the intervertebral space, and in 
very young children the involved interspace may be 
restored to virtually normal within one year. Vertebral 

changes are infrequent and minimal. ; 

A frequent history of trauma, respiratory infection, 
and diarrhea suggests that the lesion may be the result 
of transient bacteremia causing infection in an inter 
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vertebral disk rendere’) somewhat more susceptible by 
cies 3 The fact that in the young child the inter- 
er | disk receives a blood supply from the surfaces 
yee adjacent vertebral bodies may explain the oc 
currence of the lesion in children and also the gradual 
restoration of the intervertebral space. Biopsies have 
chown only nonspecific inflammation Treatment of 
the patients in the present series included bedrest, use of 
hack supports, and intibiotics, all measures of unproved 
value 
\jneteen roentgenograms, 1 table 
Capt. Ropert E. Witpin, M.C 
Lackland AFR, Texas 


GYNECOLOGY AND OBSTETRICS 


Observations on the Use of Aqueous Contrast Media 
in Hysterosalpingography. A. Ribeiro. Indian J. Ra 
diol. 14: 162-169, November 1960. (King George's 
Medical College, Lucknow, India) 

With the use of oily contrast media in hysterosal 
pingography, there exists the risk of oil embolism 
4s well as failure to enter a stenosed tube, delayed ab 
sorption causing foreign body reactions in the pelvic 
neritoneum with peritubal adhesions, and unsatisfac 
tory demonstration of hydrosalpinx. Because of these, 
the author investigated four water-soluble contrast 
materials. Fifty patients were examined: 18 with 
fiaginol 50 per cent (iodine content 33 per cent); 2 
with Biligrafin Forte (iodine content 25 per cent); & 
with Hydrombrine 60 (iodine content 25 per cent); 
2% with Diaginol Viscous 40 per cent (iodine content 26 
per cent luoroscopy was used as an adjunct in 7 
cases but the results were poor ana the author concludes 
it should not be a routine procedure. No grave reac 
tions were encountered in the series. Hydrombrine 
caused more chemical irritation of the peritoneum than 
the other media. Other toxic symptoms observed 
were fever with rigor, low back pain, headache, ex- 
cessive thirst, urethral burning, and a generalized feeling 
of warmth 

The technic is described in detail. It is tobe noted 
that never more than 10 ¢.c. were required for diag- 
nostic studies and that the contrast material was rap- 
idly absorbed, all of it disappearing from the perito- 
neum in sixty to ninety minutes 

All four of the contrast media were satisfactory, but 
the Diaginol Viscous 40 per cent is recommended be- 
cause of its greater opacification and less transient 
toxicity 

Six roentgenograms: 1 table. 

WeENDELL M. Burns, M.D 
Covina, Calif. 


Hysterosalpingography with Water Soluble Medium 
(‘Salpix). George W. Henry and Robert G. Hunter. 
Am. J. Roentgenol. 84: 924-928, November 1960. 
(1133 Punehbow!, Honolulu, Hawaii) 

In hysterosalpings graphy the aqueous contrast 
agents are preferable to the oily media because of their 
clinical safety and complete absorption. The authors 
‘ave employed Salpix (0.32 gm. polyvinylpyrrolidone 
per cubie centimeter plus 0.32 gm. sodium acetrizoate 
per cubie centimeter) in 185 hysterosalpingographic 
‘ammations over a period of four years. The patients 
vere ambulatory with complaints chiefly of infertility 
or habitual abortion. The procedure is carried out at 


ABSTRACTS OF CURRENT LITERATURE 


the estimated date of ovulation; under fluoroscopic 
control the medium is administered through a specially 
designed cannula which penetrates the cervical canal 
only slightly. Usually 4 to 10 ml. of Salpix are in 
stilled. In addition to spot roentgenograms during 
instillation, frontal and lateral coned Bucky roentgeno- 
grams are obtained together with a thirty-ininute and/ 
or a one-hour roentgenogram. The medium has given 
excellent roentgenographic evidence of cervical, uterine, 
and tubal abnormalities. The chief side effect observed 
was occasional cramping pain due to entry of contrast 
material into the peritoneal cavity or to overdistention 
of the uterus 

The authors dispute published reports that Salpix 
may produce peritoneal granulomatosis, finding no 
supporting evidence in their cases. Thirty-three of the 
examined women in this series became pregnant and 
delivered normal babies. Laparotomy was performed 
on 32 patients, primarily for repair of sterility, one 
month to four vears after hysterosalpingography. The 
majority of these women had peritubal adhesions and 
Salpix had entered these pockets of the peritoneal 
cavity. In none of the operated cases or specimens 
was there any evidence of irritation from the Salpix or 
suggestion of granulomatous formation. The viscosity 
of the substance seems ideal and its ability to be ab 
sorbed has assisted greatly in the differentiation of free 
peritoneal spill and loculated peritubal adhesions 

Fight roentgenograms 

Pointe M. Jonnson, M.D 
Montclair, N. J 


THE GENITOURINARY SYSTEM 


Chronic Pyelonephritis and Vesico-ureteric Reflux. 
C. J. Hodson and David Edwards. Clin. Radiol. (J. 
Fac. Radiologists) 11: 219-231, October 1960. (Uni- 
versity College Hospital, London, Engiand ) 

The authors direct attention to the frequent associa- 
tion of chronic pyelonephritis and vesico-ureteric re- 
flux. Among the wide variety of clinical manifesta- 
tions encountered in these patients, pain in the loin 
during micturition is the only one which positively sug- 
gests reflux. In many patients there is no obvious 
etiologic factor for the reflux 

The clinical and radiological findings in 10 patients 
are reviewed and those in another 10 are tabulated. 

From the study of these cases, the radiological 
changes in the urinary tract which are recognized to be 
associated with reflux are: (1) radiological evidence of 
chronic pyelonephritis based on the demonstration of 
localized diminution in thickness of the renal sub- 
stance, usually accompanied by shrinkage of the adja- 
cent pyramid (calycine clubbing or caliectasis); (2) very 
small kidneys with generalized caliectasis; (3) unex- 
plained nonobstructive dilatation of the upper urinary 
tract: (4) undue distensibility of the urinary tract; (5) 
a bladder residue in a child; (6) unexplained renal osteo- 
dystrophy. Any of these changes is regarded as an in- 
dication for carrying out micturating cystography to 
establish the presence of reflux 

The relationship between chronic pyelonephritis 
and reflux is discussed with particular reference to 
precedence and infection. The implications with re- 
gard to treatment are mentioned briefly 

Eight roentgenograms; 10 tracings of pyelograms; 
1 table. TrHeopore E. Kears, M.D. 

University of Missouri 
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Localization of Renal Contrast Media Excretion by 
Stop Flow Analysis. Marvin W. Woodruff and Richard 
L. Malvin. J. Urol. 84: 677-684, November 1960. 
(R. L. M., University of Michigan Medical Center, 
Ann Arbor, Mich. ) 

The technic of stop-flow analysis (Malvin et al., Am. 
J. Physiol. 194: 135, 1958) offers a precise method 
whereby localization within the nephron of the site of 
tubular secretion or reabsorption can be determined 
and graphically displayed. This method was used to 
locate the nephron site involved in the urinary excre- 
tion of Diodrast, Neo-lopax, Urokon, Hypaque, Mio- 
kon, and Renografin. In addition to stop-flow analysis, 
conventional clearance technics were employed to 
determine the relative degree of glomerular filtration 
and tubular secretion of each contrast medium following 
administration of both trace and pyelographic doses. 
Twenty studies were made in mongrel dogs. 

The findings indicate that Diodrast and Neo-lopax 
are handled in the nephron by both glomerular filtra- 
tion and proximal! tubule secretion. At tracer doses of 
Urokon, one-third is secreted by the tubules. At pyelo- 
graphic doses, however, tubular secretiou decreased to 
7-15 per cent, and at still larger doses no tubular secre- 
tion was noted, clearance being solely by glomerular 
filtration. Hypaque, Miokon, and Renografin were 
handled entirely by glomerular filtration. Small dif- 
ferences between the clearances of these contrast sub- 
stances and that of creatinine are accounted for by pro- 
tein binding. 

Seven graphs; 4 tables. 

IRVING J. WEIGENSBERG, M.D. 
University of Pennsylvania 


THE SPLEEN 


Diagnosis of Rupture of the Spleen by Intravenous 
Abdominal Aortography. Report of a Case. Israel 
Steinberg and Richard C. Karl. Am. J. Roentgenol. 
84: 902-906, November 1960. (New York Hospital, 
New York 21, N. Y.) 

The diagnosis of splenic rupture by conventional 
roentgenography is based upon signs that, although 
often helpful, are inconstant, indirect, and nonspecific, 
depending mostly upon alteration in the position of ad- 
jacent structures. Any method which would permit 
direct visualization of the spleen would facilitate diag- 
nosis, but the use of Thorotrast for this purpose is 
contraindicated because of its radiation effects. Splenic 
and hepatic visualization may be obtained with trans- 
lumbar aortography, but the complications and fatali- 
ties associated with this procedure have limited its 
value. Fortunately, intravenous abdominal aortog- 
raphy readily and safely permits visualization of the 
spleen, and this technic was utilized by the authors in a 
ease which they report. 

A 49-year-old man, admitted to the hospital with 
respiratory distress one month after an automobile 
accident injury, was found to have multiple rib frac- 
tures of the left lower chest and hemothorax. Tho- 
racentesis afforded considerable relief of dyspnea but 
failed to alleviate the chest pain, weakness, and weight 
loss. Roentgen examination showed a left upper quad- 
rant mass with medial displacement of the stomach 
and downard pressure of the left kidney. Despite 
normal blood studies and few signs of intra-abdominal 
hemorrhage, rupture of the spleen was suspected. Prior 
to surgery, intravenous abdominal aortography was 
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performed and revealed marked distortion of the splen 
artery, enlargement of the spleen, and some pica 
tion of contrast material into the organ. retin 
confirmed the roentgen findings and was curative th. 
spleen was enlarged to approximately three times a 
mal size, was extremely soft, and contained al : 


atge 
subcapsular hematoma. 


This case indicates the Value 


of intravenous abdominal aortography, a safe and 
simple procedure, in establishing the diagnosis of splenic 
rupture. 
Three roentgenograms; | photograph. 
Putte M. Jounson, M1) 
Montelair, N. J 


MISCELLANEOUS 


Visceral Metastasis from a Meningioma: Report of a 
Case. Peter B. Hukill and Robert M. Lowman 
Ann. Surg. 152: 804-808, November 1960. (Grace. 
New Haven Community Hospital, New Haven, Conn.) 

Meningiomas, though usually benign tumors in their 
morphology and behavior, occasionally show the histo. 
logic characteristics and the growth pattern of malig. 
nancy. Nevertheless, it is rare for meningiomas, like 
intracranial tumors in general, to metastasize outside 
the central nervous system 

The authors report the case of a 31-year-old woman 
who, in 1947, began to have moderately severe fronto- 
occipital headaches, accompanied by vomiting. The 
symptoms recurred approximately monthly until 1958, 
when the headache became constant. Skull films 
showed atrophy of the inner table of the calvarium, 
following the convolutional pattern. The dorsum 
sellae was also atrophic, and there was thinning of 
the left sphenoid ridge. Ventriculography revealed 
evidence of a space-occupying lesion in the left frontal 
region. A craniotomy was performed, and a menin- 
gioma was removed. Postoperatively, the patient was 
given x-ray therapy, totaling 4,326 r, through three 
portals. She was discharged from the hospital with a 
residual complete motor aphasia and a right hemipare- 
sis. About eleven vears later, at the age of forty-three, 
she returned with a large mass in the right upper abdo- 
men. Laparotomy disclosed a large solitary tumor 
attached to the left lobe of the liver and many enlarged 
lymph nodes, measuring 2—3 cm. in diameter, around the 
superior mesenteric vessels and in the gastrocolic liga- 
ment. The patient died in about two months with 
recurrence of the right upper quadrant mass. 

The intracranial and hepatic lesions displayed a 
strikingly similar and distinctive histologic pattern, 
leaving little doubt that one was a metastasis from the 
other. The tumor tissue, composed largely of spindle 
cells, showed a notable tendency to form angioid 
structures closely resembling normal blood vessels, 
suggesting that the tumor was a hemangioblastic neo- 
plasm. It has been designated angioblastic mentn- 
gioma by Cushing and Eisenhardt (Meningiomas: 
Their Classification, Regional Behaviour, Life History, 
and Surgical End Results, 1938). i 

The authors’ case is the twentieth of metastasizing 
meningioma to be reported, and the fourth of the angio- 
blastic type. Two of the 3 previously recorded cases 
survived for thirteen years after the original cramotomy 
and succumbed with metastases, despite the usually 
rather rapid progress of this tumor. It is possible that 
tumors of this kind would produce distant metastas 
more often if the patients lived long enough.  [ sually 
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Carcinoma of the Endometrium. M. G. Tompkins, 
F. J. Conklin, and R. B. Thompson. Canad. M. A. J. 
93: 413-417, Aug. 27, 1960. (Victoria General Hospi- 
tal, Halifax, N. S., Canada ) 

The authors undertook a comparative review of 223 
patients with carcinoma of the endometrium treated 
from 1937 to 1957 at the Victoria General Hospital in 
Halifax, N. S. Of 123 patients treated more than five 
vears prior to this report, 72 lived more than five years 
‘an overall survival rate of 58.5 per cent), and the five- 
vear cure rate (7.¢., no recurrence) was 54.5 per cent. 
Nineteen of the 123 patients received preoperative ir- 
radiation; 15 (79 per cent) lived five or more years. 
The radiation technic is not described. In 72 cases the 
primary attack was surgical; 48 (66.7 per cent) pa- 
tients survived more than five vears, with and without 
The surgery included both 


postoperative irradiation. 


Determination of the Cardiac Output by External 
Detection of Radioactivity of the Aortic Blood (Human 
Serum Albumin Tagged with I'*'), P. Marqués, J. 
Géraud, A. Bru, and A. Bes. J. de radiol. 41: 547-555, 
October 1960. (In French) (Toulouse, France ) 

The authors report their experience with a technic of 
ascertaining the cardiac output by external detection of 
the radioactivity of the aortic blood. The tracer, 
human serum albumin tagged with I'*', is injected into 
the antecubital vein. The dilution curve is directly 
registered by a scintillation counter placed at the aortic 
knob; the output is calculated with the help of a modi- 
fied Hamilton equation and requires the simultaneous 
determination of the total blood volume. 

The results obtained are similar to the values given 
by the classical methods. This simple technic, readily 
accepted by the patients, permits easy and, if needed, 
repeated determinations of the cardiac output and ex- 
tends the indications of this interesting investigation. 

Two graphs; 2 tables. RENE Hovwrt, M.D. 
New York, N. Y. 


Analysis of Cardioportal Circulation Time by Means 
of Simultaneous Direct Hepatic Venous Counting. 
Ismael Mena, Leslie R. Bennett, Telfer B. Reynolds, 
Allan G. Redeker, and Sherman M. Mellinkoff. New 
England J. Med. 263: 940-943, Nov. 10, 1960. (L. 
R. B., University of California at Los Angeles School of 
Medicine, Los Angeles, Calif.) 

The cardioportal circulation time is determined by 
the simultaneous external recording over the heart and 
liver of the passage of an intravenously injected radio- 
active bolus. For this purpose the authors inject 0.3 
millicurie ot I'5!-tagged sodium acetrizoate per kilo- 
gram of body weight into an antecubital vein. Thirty- 
sx normal subjects and 101 patients with hepatic cir- 
thosis were studied. 

_In the normal subjects the cardioportal circulation 
ume averaged twenty-five seconds. 

The mean cardioportal circulation time was forty-six 
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1 photograph; 4 photomicro- 
Joun P. Fotopoutos, M.D. 
Northwestern University Medical School 


One roentgenogram; 
graphs. 


abdominal and vaginal hysterectomy and was usually 


accompanied by bilateral salpingo-oophorectomy. Be- 
fore 1953, 32 women were treated by radiotherapy 
alone. This group was heavily loaded with patients 
whose disease was so far advanced when they were 
first seen that surgery was deemed inadvisable or use- 
less. Of the entire group only 9 (28 per cent) lived 
more than five years. 

The recurrence rate among the 217 treated patients 
was 13.8 per cent (30 patients) and was closely asso- 
ciated with the extent of tumor involvement when the 
patient was first seen. 

Preferential therapy consists of insertion of radium 
in multiple or single tandems, followed by complete 
surgery in six weeks. 

Twelve tables Davip SILVER, M.I). 

Los Angeles, Calif. 


seconds in 52 cirrhotic patients; it was 17.7 seconds in 9 
patients with portacaval shunts; 17.8 seconds in 13 
patients with intractable ascites; 29.5 seconds in 10 
patients with moderately tractable ascites; 45.7 seconds 
in 11 patients with easily tractable ascites; nineteen 
seconds in 6 critically ill patients with minimal ascites 
but severe progressive jaundice. 

It was concluded that cardioportal circulation time is 
prolonged in patients with cirrhosis of the liver and 
portal hypertension. When the hepatic cirrhosis is 
associated with severe ascites and other grave signs of 
liver disease the cardioportal circulation time is sur- 
prisingly short despite the presence of portal hyper- 
tension. This shortened time is explained by the possi- 
ble shunting of portal blood through the diseased liver 
by venovenous anastomoses and by possible additional 
shunting of portal blood away from the liver cells 
through extrahepatic collateral channels. 

Three graphs. MortTIMer R. M.D. 

Brooklyn, N. Y. 


Application of Radioisotopes to the Study of Pro- 
teins. R. A. Collet. Schweiz. med. Wehnschr. 90: 
1163-1164, Oct. 15, 1960. (In French) (Laboratoire 
central de l’H6pital cantonal de Genéve, Switzerland ) 

In recent vears radioactive tracer studies have as- 
sisted in the chemical investigation of protein mole- 
cules. For labeling proteins with tracer substances the 
following two prerequisites are postulated: 1. The 
isotope must not alter the properties of the proteins. 
2. The same isotopes must not be used again for the 
synthesis of new proteins. 

Investigations have included: (a) determination of 
blood volume with radioiodine, () study of hemoglobin 
with radiochromium, and (c) of the plasma protein with 
radio-iron. 

For determination of blood volume small quantities of 
albumin are labeled with radioiodine. The solution 
mixes rapidly with the circulating plasma, so that fifteen 


; 
4 
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minutes after injection the blood can be tested for radio- 
activity which determines hematocrit values. 

For hemoglobin values 50 mg. of radiochromium is 
injected intravenously. Specimens are taken, and 
half-life values are ascertained in test tubes. Under 
favorable conditions 90 per cent of the isotope can 
be fixed to the hemoglobin. The solution remains 
stable for a long time so that its half-life can be easily 
determined. In normal cases it is twenty-six days while 
in hemolytic anemia it is only ten days 

For plasma determination radioiron is injected intra- 
venously. This becomes readily fixed to 8,-globulin, 
provided the latter is not yet saturated with iron. 

Since radioactive detectors are very sensitive, lab- 
oratory technics must be extremely accurate for pre- 
tion of misleading results. Ernest Krart, M.D. 

Northport, 


Carcinoma of the Prostate: Treatment by Inter- 
stitial Irradiation with Radioactive Experi- 
mental and Clinical Studies. George J. Bulkley and 
Vincent J. O’Conor. J.A.M.A. 174: 252-256, Sept. 
17, 1960. (Wesley Memorial Hospital, Chicago, IIL.) 

Interstitial irradiation of the prostate by means of 
radioactive gold appears to have a highly selective use 
in the management of prostatic carcinoma. Selectivity 
would include those patients with localized areas of 
earcinoma for whom the palliative effect may be 
worthwhile. Evaluation in this series of 42 patients 
treated from 1953 to 1957 would be difficult since all of 
the patients received estrogen therapy and almost one- 
half of the group underwent orchiectomy. Nineteen 
died of prostatic carcinoma, with autopsies showing 
shrinkage of the tumor in only 3 cases. Seventeen of 
the 20 living patients have improved with noticeable 
softening of the mass and with temporary arrest of the 
carcinoma in 10 and its complete arrest in 7. 

Two photographs; 3 photomicrographs; 3 tables 

Davip Sitver, M.D 
Los Angeles, Calif. 


The Diagnosis and Management of Myelofibrosis, 
Myelosclerosis and Chronic Myeloid Leukemia. A. 
Goldberg and D. A. Seaton. Clin. Radiol. 11: 266-270, 
October 1960. (Western Infirmary, Glasgow, Scot- 
land) 

Four cases of myelofibrosis and myelosclerosis and 
4 of chronic myeloid leukemia are compared in respect 
to clinical features, hematologic and radioisotopic 
(radioiron and radiochromium ) investigations. 

The two diseases present a similar clinical picture, 
but may be differentiated by blood and bone-marrow 
studies. The mechanism of the anemia in these condi- 
tions is the same, namely, a combination of marrow 
hypoplasia and increased hemolysis. The spleen may 
or may not be the site of extramedullary erythropoiesis 
in either condition; it may be the site of erythrocyte 
destruction. Radioisotopic investigations proved help- 
ful when splenectomy and splenic irradiation were con- 
sidered in the treatment of myelofibrosis. 

Occasionally the differential diagnosis of chronic 
myeloid leukemia from myelofibrosis and myeloselerosis 
can be made on radiologic grounds. Radiologically 
demonstrable changes are rare in chronic myeloid leuke- 
mia but are present in about half the cases of myelo- 
fibrosis and myelosclerosis. Briefly, these are widening 
and increased density of the trabeculae, ill-defined areas 
of sclerosis and osteoporosis and later obliteration of the 
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medullary cavity by new-bone formation 
changes occur most commonly in the central p. 
the skeleton, e¢.g., the vertebral bodies 
ends of the femora and humeri 

Four graphs; 2 tables. 
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THEODORE E. Keats, M.D 
University of Missouri 


The Present Position of Telecobalt Therapy, 
Zdansky. Radiol. clin. 29: 334-346, Névember 196) 
(In German) (Universititsinstitut fiir Rontgendiag. 
nostik und Strahlentherapie, Basel, Switzerland) 

Radioactive cobalt presents certain advantages over 
conventional roentgen therapy. These include greater 
depth dose, maximum dose beneath the skin surface 
smaller integral dose for similar effects, more accurate 
field distribution, and more equal distribution in various 
tissues such as soft tissue and bone. Mucous memn- 
branes show less reaction with cobalt therapy and 
necrosis of bone seldom occurs. f 

Multiple fields are preferred to rotation therapy, 
especially in the head and neck Complications are 
seldom seen in laryngeal carcinoma if a maximal dose of 
6,000 to 7,000 r in fifty to sixty days is not exceeded 
With a short target-skin distance large doses can be 
given to parotid and ear tumors without excessive 
depth effects. This is also true of the superficial tissues 
in breast carcinoma 

Four figures. 

CHARLES M. Nice, JR., M_D,, PhD. 
Tulane University 


Complications of Telecobalt Therapy. Raymond 
Sarasin. Radiol. clin. 29: 346-356, November 1960. 
(In French) (H6pital universitaire de Genéve, Switzer- 
land) 

To obtain the same biological effect on tumor tissue 
with cobalt therapy as with conventional irradiation, it 
is necessary to give a 15 to 20 per cent greater tumor 
dose in the former. Greater doses, however, even up 
to 8,000 r or higher, may be used in the cobalt treatment. 

In general, the complications of high-energy therapy 
are similar to those of conventional therapy, although 
skin and mucosal reactions are less severe with the 
higher energies. Necrosis in the tumor and the inter- 
stitial tissues depends on the extent of the tumor. In 
treatment of carcinoma of the esophagus or bronchus, 
preoperative therapy with 4,000 to 5,000 r tumor dose 
is given in five to seven weeks. Surgery is then delayed 
three or four weeks, when the tumor is smaller and 
easier to remove surgicallv. 

Careful dosimetry and follow-up of patients with 
tumors in the pelvic region is necessary if the usual 
complications of radiotherapy are to be avoided. 

Cuarces M. Nice, JRr., M.D., Ph.D. 
Tulane University 


The Design of a Second Cobalt 60 Unit, Based on the 
Experience Acquired with 1,000 Patients Treated with 


the First Unit. Gilbert H. Fletcher, Ernest J. Braun, 
E. B. Moore, and Earl van Roosenbeek. Ap 
pendix: A Dose-Time Calculator for Roentgen- 
and Gamma-Ray Beams. Ernest J. Braun, Earl van 
Roosenbeek, and R. J. Shalek. Am. J. Roentgenol. 
84: 761-770, October 1960. | (M.D. Anderson Hospt- 
tal and Tumor Institute, Houston 25, Texas). ; 

Reasons for the acquisition of a second cobalt unit 
and parameters of supervoltage therapy are discussed, 
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are four main characteristics of supervoltage therapy: 
prs! in considerable increase in depth dose, mini- 
and decrease in differential bone ab- 
One 22-Mev betatron was considered ade- 
we et those cases in which treatment with it was 
indicated. The 2-Mev roentgen-ray generators had 
il the requirements except a gantry type mechanism 
The foreign 4-Mev linear accelerators would ha ve been 
considered if they had been economically available and 
serviceable in this country 

Analysis of tabulated figures indicates that the fol- 


lowing tumors are preferably treated with cobalt 60: 


tumors of the head and neck and of the breast; lym- 


shoma; tumors of the testes. The cervix and urinary 
ladder are preferably treated with the 22-Mev beta- 
tron 

The third supervoltage unit desired by the group at 
\M_D. Anderson Hospital had to have a beat similar to 
the 2-Mev roentgen-ray generators, a suspension mech- 
nism for maximum speed and accuracy of positioning, 
large field size for segmental therapy, and a collimating 
jevice producing minimum penumbra and allowing 
field shaping. 

Limited space and the desire for a rotating suspen- 
sion type mechanism were the primary reasons for ac 
suiring a second kilocurie cobalt-60 unit with the fol 
lowing characteristics: (1) a high activity source of 
000 curies, rendering 70 cm. S.S.D. still practical for 
large field therapy; (2) a suspension mechanism allow- 
ing stationary portals or rotation therapy; (5) minimal 
penumbra and field shaping. Features of this new unit 
fiseussed in detail are: the suspension mechanism; 
{egrees of motion; collimating device; auxiliary dia- 
phragms; calibration tables; such accessories as 
special head rests, plastic tray, lateral film holder, and 
vedge filters 

Ten figures; | table 

An appendix on the article describes dose-time cal- 
‘ulators for roentgen and gamma-ray beams which are 
sed for quick calculations on the cobalt-60 and 250-kv 
units at the M.D. Anderson Hospital. The calculators 
are of the usual plastic circular disk variety. 

Five figures Davip Sitver, M.D. 

Los Angeles, Calif. 


Radioactive Strontium in Bone Disease. R.-A. 
Guerin and Mme. M.-T. Guérin. Presse méd. 68: 
1375-1576, Oct. 1, 1960. (In French) (M.-T.G., In- 
stitut national d’hygiéne, Paris, France) 

Strontium has a metabolism very near to that of cal- 
‘um. Among its numerous radioactive isotopes, Sr® 
and Sr? have physical properties compatible with 
‘inical applications. 

Only Sr is usable for diagnostic purposes in bone 
tumors and in the prognosis of fractures of the femoral 
ieck. Thirty-four patients were tested with this isotope 
and the method is painless. The authors feel that the 
ibserved results should authorize a wider application of 
the technic. 

Sr is not curative, however. The only results ob- 
‘aimed, from its administration were a sedative effect on 
pain in a few rare cases, especially in multiple myeloma. 

RENE Houwrt, M.D. 
New York, N. Y. 


Osseous Fixation of Strontium and of Gallium: 
“nical Applications. F. Coste, F. Layani, Mme. M.- 
Guérin, and R.-A. Guérin. Rev. du rhumat. 26: 


733-738, December 1959. (In French) (M.-T.G., Insti- 
tut national d’hygiéne, Paris, France) 

In vivo and in vitro comparisons were made of the 
osseous fixation of strontium 85 and gallium 67 in the 
guinea-pig. It was found that strontium has a more 
selective affinity for bone tissue than gallium and is 
easier to detect by means of external measurements. 
The doses needed for an exploration are only half the 
amounts required for gallium and the longer period of 
activity enables fixation to be followed with the aid 
of repeated measurements. There seems to be hope 
that the use of this isotope in man will enable the tests 
carried out to be interpreted more easily and more 
accurately 

Studies on the uses of the isotope are continuing. 


Radioactive Sulphur in Chondrosarcomata. The 
Distribution, Concentration, and Effects of S* After 
Intravenous Administration to Patients with Chondro- 
sarcoma. Raymond G. Gottschalk. J. Bone & Joint 
Surg. 42-A: 1239-1256, October 1960. (VA Center, 
Martinsburg, W. Va.) 

Radioactive sulfate is selectively retained in chondro 
sarcomas, chondromas, and normal cartilage as well as 
in repairing connective tissue and bone. This paper 
reports studies on the localization and concentration of 
tracer amounts of radioactive sulfur (S*) in 5 patients 
with chondrosarcomas and in 1 with an anaplastic sar- 
coma, and a therapeutic trial of large amounts of the 
isotope in 3 patients with advanced chondrosarcomas 
The sulfur was administered as a solution of sodium 
sulfate (NaeS*O,) in neutral physiological saline 
through the tubing of an intravenous-drip apparatus. 

The concentrations of the tracer amounts observed 
in various tissues at increasing intervals after injection 
are tabulated, the average concentrations in the chon- 
drosarcomas varying from 62 to 440 per cent of the 
concentrations found in normal cartilage. Uptakes 
higher than average were found in the growing portions 
of the tumors. The fixation of S* seemed to result 
from both the formation of cartilaginous ground sub- 
stance and the increased metabolism of neoplastic cells. 
The pleomorphic sarcoma, almost devoid of ground sub- 
stance, contained less S® than the chondrosarcomas 
studied after similar intervals. The autoradiographs 
from these patients showed that the isotope was de- 
posited near metabolically active cells of cartilage and 
of chondrosarcomas. It was fixed near well preserved 
chondrocytes in the chondromas and was deposited at 
the sites of proliferation of connective tissue in the cap- 
sules of tumors and in inflammatory tissues 

The chemical analyses demonstrated grossly and the 
autoradiographs showed microscopically the deposition 
of S* in proliferating areas of mesenchymatous struc- 
tures and, to a higher degree, in chondrosarcomas. 
This favorable pattern of distribution could be put to 
therapeutic use only if the injection of large amounts of 
$% resulted in sufficient concentrations in the tissues to 
have biological effects. The effects of large amounts 
were therefore studied in 3 patients with advanced 
chrondrosarcomas. Bone-marrow depression was the 
limiting factor in determining the total dose, which 
varied from 559 to 926 millicuries. Although some- 
what higher doses were occasionally used, it seemed 
advisable not to exceed 200 millicuries per injection at 
intervals of one to four weeks. The progress of the 
neoplasms seemed markedly reduced or arrested for 
several months in 2 of these patients. Despite the im- 
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portant uptake of S*® in repairing connective tissue, 
there was no evidence of interference with wound 
healing. No symptoms referable to any joints were 
noted. Leukopenia was not accompanied by symp- 
toms of radiation sickness. The calculated doses of 
radiation internally delivered by the isotope to the 
chondrosarcomas were much higher than those delivered 
to other tissues 

The author concludes that it will be necessary to ob- 
serve the effects of large amounts of S*® on a greater 
number of chondrosarcomas to determine whether a 
significant palliation can be obtained in a_ sufficient 
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number of cases to warrant its clinical use. As ws: 
other radioactive isotopes and with some deen 
peutic agents, the amounts of radioactive “ 
can be administered are limited by the hematologi 

effects. Since the development of severe leuk = 
and thrombocytopenia may be delayed for two a 
weeks after the administration of $%, the use of i 


f far ad 


Sulfur tha: 


amounts of S* can be justified only in cases 9 
vanced tumors 
Nine figures; 3 charts; 2 tables 
Capt. SAMUEL S KRIKORIAN, MC 
Lackland AFB, Texas 


RADIATION EFFECTS 


A Study of Complications in the Surgical and Radia- 
tion Therapy of Cancer of the Cervix. Henry Clay 
Frick, Il, Howard C. Taylor, Jr., Ruth J. Guttmann, 
Harold W. Jacox, and William P. McKelway. Surg., 
Gynec. & Obst. 111: 493-506, October 1960. (College 
of Physicians and Surgeons, Columbia University, New 
Vork 32, N. Y.) 

At the Presbyterian and Francis Delafield Hospitals 
{ New York), during the years 1944 to 1957, 748 patients 
with primary carcinoma of the cervix were treated by 
the following methods: (1) external roentgen rays alone, 
82 patients; (2) intracavitary radium and external 
roentgen rays, 272; (3) radium needles and external 
roentgen rays, 119; (4) intracavitary radium, external 
roentgen rays, and lymph node dissection, 56; (5) 
radical operation, 92; (6) radical operation and external 
roentgen rays, 115; (7) other, 12. Certain changes in 
the management of cervical carcinoma were made in 
late 1951 and early 1952; for that reason, the series is 
reported in two periods, 1944 to 1951 and 1952 to 1947 
From 1952 to 1957 some patients underwent extra- 
peritoneal node dissection after full radium and _ ex- 
ternal roentgen therapy. Supervoltage therapy was 
introduced, and the tumor dosage of external radiation 
was gradually increased from 2,500-3,000 r given over a 
period of four weeks to about 6,000 r in four to six 
weeks. 

The 748 cases are reviewed with particular attention 
to the complications. These are considered in three 
categories, namely, radiation injuries, surgical injuries, 
and those due to a combination of the two. It appears 
that in recent vears there has heen a greater number of 
fatalities and severe complications. This is attributed 
to an increase in the dosage of external roentgen ther- 
apy; to the combination of surgical therapy with irra- 
diation, as in the group treated by extraperitoneal node 
dissection after full irradiation; and toa less strict selec- 
tion of patients for operation. 

With the advent of supervoltage apparatus, an in- 
crease in roentgen therapy dosage was made possible. 
This increase was superimposed on an_ established 
radium procedure originally designed to give what was 
believed to be the maximum dosage which could be 
tolerated by the rectum and bladder. Ina group of 65 
patients managed by radium plus external radiation in 
excess of 4,000 r to the pelvis, there were 4 deaths and 
5 major complications. In a similar group of 40 
patients treated with less than a 4,000 r tumor dose, 
there were 2 major complications and 2 deaths, both 
unrelated to the roentgen therapy. 

Similar differences were found in the group treated 
by extraperitoneal node dissection after radiotherapy. 


Of 39 patients who received radium and more thy; 
1,000 r by roentgen therapy to the pelvis, 2 died, an 
major complications developed in 14, Fourteey 
patients received identical treatment except that the 
were given less than a 4,000 r tumor dose; in this grou 
there were 3 major complications and 1 death, the latte: 
a direct result of the surgical procedure. 

An increase in surgical complications is perhaps less 
apparent. Nevertheless, from 1944 to 1951, ther 
were & major complications in 65 patients, with n 
deaths, as compared with 21 major complications and} 
operative deaths in 113 patients treated in the late 
period. There was not much change in the incidence of 
ureterovaginal fistula in the two periods. 

The hope that a higher cure rate may be obtained by 
subjecting patients to higher and higher dosages of ex 
ternal irradiation appears to be sharply limited by the 
tolerance of normal tissues to these high dosages. 

Two photomicrographs; 14 tables 

ROBERT FE. CAMPBELL, M.D 
University of Pennsylvania 
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Radiation [Ileitis. Robert Henry 
Arch. Surg. 81: 553-557, October 1960. 
brook Road, Stamford, Conn. ) 

The subject of radiation injury to the ileum is r 
viewed, including the summary of Mulligan (Am. | 
Path. 18:515, 1942. Abst. in Radiology 40: 431, 
who cited cases reported by Walsh in 1897. Abdomin 
and pelvic radiation is frequently administered after lap 
arotomy. In some of these cases adhesions will form 
holding the ileum immobile. Even intensive radivn 
application to the cervix may cause adhesion of the 
small intestine when it is in the pelvis. Under thes 
conditions, the immobilized loop will receive a higher 
radiation dose than loops which do not maintain « 
fixed position, especially when high-energy (multipl 
port cobalt) irradiation is combined with radium in th 
cervix. Symptoms are extremely variable, from the 
hyperacute phase to those resulting from chronic ob 
struction, dependent on the pathological status of the 
intestine. Following recovery from the acute phase 
the patient may be asymptomatic for long periods, after 
which gastrointestinal symptoms recur. The diagnoss 
is often obscure until obstruction supervenes. Th 
only definitive treatment is surgical excision. ; 

A case is reported in which 10 different diagnose 
were made over a twenty-year period prior to surge 
with relief of obstruction and a positive diagnosis 
focal ulcerative and cicatrizing ileitis due to radiatie 
effects. Radiation had been given at Memon’ 


Hospital, New York (3,000 me per hour of radium 
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Radiation ileitis she ) 
4 chronic gastrointestinal derangements follow ir- 
. 
vadiation of the abdomen and pelvis. 
Three photomicrographs, 1 table. 


Incidence of Leukaemia After Exposure to Diagnostic 
Radiation in Utero. W M. Court Brown, R. Doll, 
ind A. Bradford Hill. Brit. M. J. 2: 1539 1545, Nov. 
vg, 1960. (W. M C. B., Medical Research Council s 
General Effects of Radiation Research Unit, Western 
Ceneral Hospital, Edinburgh, Scotland ) . 

In order to investigate the possible leukemogenic 
fect of fetal irradiation, the authors checked the 
sames of 39,166 children who had been irradiated in 
vero between 1945 and 1956 in 8 metropolitan hospitals 
igainst the Registrars-General lists of names of children 
who died of leukemia between 1945 and 1958. The 
fata obtained were then compared with the correspond- 
ing sex- and age-specific national leukemia rates 

The expected number of deaths from childhood leuke- 
mia was 10.5; the observed number was 9. Of these 9 
ses, in 4 irradiation had been received during pel- 
vimetry and in 5 during a single roentgenogram of the 
maternal abdomen. Only 12 per cent of the children 
iad been irradiated during the first 2 trimesters of preg- 
naney. There was no evidence of a greater incidence 
of leukemia in the children most heavily irradiated in 
vero. The male-female ratio was increased to 1.15:1 
from the national average of 1.06:1. The most likely 
xplanation for this would be that the risk of a compli 
ated delivery (one of the reasons for radiographic ex 
imination during pregnancy ) is higher for boys. 

The authors concede that their methods may have 
failed to detect 2 to 3 per cent of the true number of 
eukemia deaths, but they note that even if 10 per cent 
if these deaths were undiscovered the observed inci- 
{ence ot leukemia among the irradiated children would 
not exceed the national average. If the effect of in 
iro irradiation were to raise the incidence of leukemia 
by 100 per cent, this rise would, with high probability, 
tave been detected by the study; however, an incre- 
ment of 80 per cent might have remained undetected 
Published data on the leukemogenic effect of irra- 
tiation im utero are conflicting, but the authors believe 
that an inerease of leukemia among children due to 
radiographic examination of the mother’s abdomen 
luring the relevant pregnancy is not established 
Seven tables Puittp M. Jounson, M.D. 

Montclair, N. J. 


Leukemia Following Radioiodine Treatment of 
Thyrotoxicosis. E. Eric Pochin. Brit. M. J. 2: 1545- 
1350, Nov. 26, 1960. (Medical Research Council 
Vepartment of Clinical Research, London, England ) 

Approximately 60,000 thyrotoxic patients have been 
treated with radioiodine in the United Kingdom, the 
\nited States, Canada, and Austria during the last 
‘wenty years. Leukemia is known to have developed 
‘ubsequently in 18 of these patients. An attempt was 
made by questionnaire to determine (1) the number of 
“ases expected on a purely chance basis, and (2) the 
total number of cases that have in fact occurred. 

No previously unknown case of leukemia was found 
—_— an estimated total of 59,200 treated patients 
“presetiting 221,900 patient-years at risk. The num- 
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ber of cases of leuketnia expected on the basis of chance 
alone was 21.2, a figure compatible with 14 to 28 actual 
cases. Although this estimate is only approximate, 
determination of the true figure is “‘less urgent’’ since 
presently known cases of leukemia do not exceed the 
chance expectation. The intervals between initial 
treatment with radioiodine and subsequent diagnosis of 
leukemia in the 18 known cases ranged from three 
months to eight vears and were consistent with a 
chance distribution. The leukemia was acute in 13 
cases, chronic in 4, and the type was not ascertained in I 
instance 

The author concludes that his data appear to give no 
indication that treatment of thyrotoxicosis with radio- 
active iodine induces leukemia. He warns against 
misinterpretation of future reports of leukemia in 
patients so treated, since the number of naturally oc- 
curring cases of leukemia will inevitably increase as the 
number of patient-years at risk grows 

Four figures; Stables. M. Jounson, M.D. 

Montclair, N. J 


Leukaemia in Childhood After Antenatal Exposure to 
X Rays: A Survey at Queen Charlotte’s Hospital. 
T. L. T. Lewis. Brit. M. J. 2: 1551-1552, Nov. 26, 
1960. (Queen Charlotte’s Hospital, London, England) 

Data recently compiled by Stewart ef al. (Lancet 2: 
147, 1956. Abst. in Radiology 69: 159, 1957: Brit. M 
J. 1: 1495, 1958. Abst. in Radiology 72: 634, 1959) 
suggested the remote possibility of leukemia or other 
malignant disease developing subsequent to antenatal 
irradiation. Analysis of the data in Stewart’s two 
series, however, indicates that such irradiation cannot 
cause more than | case of leukemia in 40,000 births 
To substantiate this analysis the author determined the 
number of children dying of leukemia before the age of 
ten who had been born in Queen Charlotte’s Hospital 
during 1943 to 1958. There were 45,195 live births at 
that hospital during this period, and 25.3 per cent of the 
infants had been irradiated in utero, as compared 
with about 16 per cent of the pregnant women in Eng- 
land and Wales during the same period. Eight deaths 
from childhood leukemia were found; due to errors in 
the method of data collection the true figure may have 
been 10 cases. Of these 8 children, 1 had received 
antenatal irradiation; he was exposed to one erect lat- 
eral view of the abdomen near term. The incidence 
of death from leukemia was 1 in 1,808 among children 
receiving no antenatal irradiation and 1 in 4,291 among 
children irradiated in utero. 

The incidence of leukemic deaths among children 
born in Queen Charlotte’s Hospital is slightly higher 
than for the country as a whole, but this is due to the 
much higher incidence of leukemic deaths among the 
nonirradiated (control) group and cannot, therefore, 
have been caused by irradiation. 

The author concludes, that, due to the relative pau- 
city of his data, the tendency of antenatal irradiation to 
cause only | case of leukemia in 40,000 live births is 
unproved. The true tendency, however, cannot be 
very much greater. Puitre M. Jounson, M.D. 

Montclair, N. J 


Diagnostic X-Ray Exposures: The Middle Road. 
Donald L. McRae. Canad. M. A. J. 83: 929-933, Oct. 
29, 1960. (Montreal Neurological Institute, McGill 
University, Montreal 2, Quebec) 

For over sixty years, x-rays have been used in the 
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practice of medicine and have proved invaluable, even 
life-saving, in some cases. Recently there has been a 
storm of publicity over the allegedly harmful effects of 
small amounts of radiation. To answer patients’ 
questions, doctors must know the facts about the 
effects of small amounts of radiation on man. 

Doses of 5 rads of x-irradiation are entirely safe for a 
patient, and there need be no fear of diagnostic roentgen 
examinations, therefore, provided that they are done 
with modern machines and modern technics. 

Gonadal doses due to diagnostic roentgenology in 
areas other than the lower abdomen and pelvis are 
negligible with reasonable care and modern technics. 

In examinations of the lower abdomen and pelvis in 
patients below the age of forty, the patient should trust 
the good judgment of his radiologist and his personal 
physician to decide whether or not the benefits of such a 
study outweigh the debatable, distant genetic effects of 
the necessary small amount of gonadal exposure. 

Although there is no evidence that small x-ray ex- 
posures are harmful to man, it is conceivable that some 
genetic effect may be shown in future work. For this 
reason the efficiency of roentgen, and especially of dark- 
room, technics must be increased to reduce the dose 
from primary and secondary radiation as much as 
possible. 


Hazards of Bladder Surgery Following Irradiation. 
Anthony Walsh. J. Urol. 84: 627-629, November 
1960. (St. Luke’s Hospital, Dublin, Eire) 

Intravenous pyelography in a 47-year-old white male 
with intermittent, slight, painless hematuria of twelve 
months duration demonstrated a normal upper urinary 
tract and an indefinite central filling defect of the 
bladder. The patient was otherwise a fit, healthy man 
of excellent nutrition and in good general condition. 
Cystoscopy, biopsy, and resection (Nov. 29, 1957) con- 
firmed the diagnosis of 2 papillary transitional-cell 
tumors of the bladder. 

On Feb. 25, 1958, 7 new papillary bladder tumors 
were found and resected. Histologically, these tumors 
were definitely more anaplastic than those of the first 
resection. Deep x-ray therapy, a tumor dose of 4,200 r 
and a maximum skin dose of 3,800 r, was given over a 
period of five weeks but was terminated because of 
severe reaction in the left testicle and scrotum. On 
May 18, ten or more bladder lesions were found. 
Radical cystectomy was performed on Aug. 15. The 
ureters were implanted into an ileal loop and the loop 
was joined, end to end, to the posterior urethra. The 
postoperative course was stormy; the anastomosis of 
the ileal loop and urethra opened and was refashioned 
in a second operation on Aug. 20. On Sept. 5 an intra- 
venous urogram showed the right kidney functioning 
normally with no dilatation; delayed excretion and 
moderate pyelectasis at twenty-five minutes were dem- 
onstrated in the left. The right ureter appeared normal 
but the left was moderately dilated as far as the sacro- 
iliac joint and was not seen below this. With progres- 
sive decrease in the amount of urinary drainage from the 
catheter and corresponding increase in the leakage from 
the abdominal wound, the patient’s general condition 
continued to deteriorate and he died on Sept. 18 

Autopsy revealed all three anastomotic sites—-ure- 
thral-ileal, ureteral-ileal, and end-to-end anastomosis in 
the ileum—to have broken down. It seemed quite 


clear that the failure of union must be at tributed tou 
previous radiotherapy. tte 
The author concludes that the hazards of 
cystectomy are greatly enhanced by Previous ittadig. 
tion. If radical cystectomy after radiation ¢ : 
done, a pouch-urethra anastomosis has little change of 
success because the bladder base and Prostate regeiys 
the maximum radiation. Whether the ureters are ig 
planted in isolated ileal loops or colon they should ty 
divided at or above the pelvic brim to avoid the use of 
previously irradiated portions of the ureters for amma 
mosis. Further, the anastomotic suture line should be 
reinforced by an outer layer of non-absorbable suture 
material. CORINNE FARRELL, MD 
University of Pennsylvania 


Osteoradionecrosis of the Mandible. w. Rabe 
and F. Fléte. Fortschr. a. d. Geb. d. Réntgenstrii 
93: 472-482, October 1960. (In German) (Sim 
Krankenhaus, Berlin-Westend, Germany) 

From 1950 until 1957 the authors observed 1 
tumors of the oral cavity, in 15 of which (7.8 pera 
mandibular necrosis developed. Seven patients jana 
treated with roentgen rays alone and 8 with intersiima 
radium followed by roentgen rays. 

With increasing frequency of larger doses of iomiam 
rays, necrosis of bone occurs more often. Denim 
caries also stimulates mucosal ulceration and infeeion 
of the underlying mandible with the end-resaig 
necrosis and sequestration of bone. Other contributing 
factors to bone damage are continuous trauma ffm 
chewing and loss of the protective effect of saliva duet 
radiation-induced drying-up of the mucosa. 

In the observed cases osseous necrosis became mille 
fest from eight months to nine years after radiotherapy 
The roentgen signs were preceded by long-standing 
soft-tissue swelling and subsequent ulceration oFm 
oral mucosa. In the early phase the radiographietia® 
ings were osteoporosis and irregular contour om 
mandible. This was followed by destructive chaig 
from the alveolar ridge downward, osteolysis and det 
and finally pathologic fractures with sequestration 

Prophylactic measures are the most effective tem 
ment. High-voltage roentgen rays are given pil 
erence as causing less bone destruction than thoseail 
low voltage. Another preventive measure is tel 
sertion of radium needles at an angle instead of pani 
to the mandible. Hygiene of the mouth has 7m 
carefully observed and remaining teeth have te tea 
tracted under penicillin prophylaxis several weekSiam™ 
to radiotherapy. Occasionally extractions may have 
be postponed until completion of therapy. 

Treatment of mandibular necrosis is not guideil 
roentgenographic tindings or the presence of uleets 
Local and general antibiotic measures together Wil 
frequent washing tend to expedite the cure of ulcersantg 
fistulae. Sequestra usually protrude spontaneatiiiiag 
The mucosa heals promptly in spite of underlyaigay . 
seous necrosis and pathologic fractures. Sequel 
tomy with the aid of antibiotics, modern anesthesia, allay 
blood transfusions has become a routine procedunt tg 
expedites the healing process and prevents developmie 
of fistulae and ulcers. A well functioning prostimy 
can now be fitted even in advanced cases. 

Thirteen roentgenograms: 5 photographs: 4 tables 

Ernest Krart, Me 
Northport, 
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